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ABSTRACT 
HYDROSEQUENCES AND VEGETATION 
OF SELECTED LANDFORMS IN 
MONSON, MASSACHUSETTS 
FEBRUARY 1995 
KENNETH A. DESHAIS, B.S., UNIVERSITY OF MASSACHUSETTS AMHERST 
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Peter L.M. Veneman 
Methodology for delineating wetlands has received increased attention from the 
scientific, legislative, and private industrial/commercial groups. The overall objective of 
this project was to assess the three parameters used for wetland delineation; 
hydrology, vegetation, and soils, and to investigate the accuracy of the currently used 
federal criteria for the northeast United States. The specific objectives were to: 1. 
measure water table levels, redox potentials, soil water potentials, soil temperature, 
groundwater dissolved oxygen and ferrous iron at selected sites; 2. supplement the 
above mentioned parameters by characterizing these soils both chemically and 
physically; 3. perform statistical analysis relating specific morphological features to 
measured field and laboratory data; 4. characterize the vegetation at each site, 
utilizing methods listed in the Federal Interagency Committee for Wetland Delineation 
(1989), and; 5. assess the relationships between vegetation, soils, and hydrology by 
applying previously developed criteria to similar selected sites. 
A hydrosequence in a; till ridge, an outwash plain, and a terrace, were 
monitored in Monson, Massachusetts for groundwater depths, soil temperatures, redox 
potential, soil moisture potential, dissolved oxygen, and ferrous iron and total iron 
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content of groundwater. These thirteen primary sites were examined for soil 
morphology and vegetation indexes. Twenty-four secondary sites at similar landforms 
were examined for soil morphology and vegetation indexes only. The distribution of 
vegetation appears to vary among landforms and drainage classes. This distribution is 
most evident in the herbaceous stratum which appears to represent existing hydrologic 
conditions more accurately than other strata. Conversely, the shrub stratum appears 
to be the least accurate representative of existing hydrologic conditions. Within the 
localized region of study, soil physical and chemical properties varied minimally among 
parent materials and drainage class. Low chroma matrices (<2 chroma) in the horizon 
underlying the topsoil became predominant with >50% saturation during the growing 
season. Chroma indexes calculated from matrix chroma and abundance, exhibited the 
most significant correlation (-0.576) with wetland hydrology as compared to other 
chroma indexes. Morphological indicators were best represented in the B horizons. 
Thirty-five percent of all sites were classified as wetlands when primary and 
secondary indicators of hydrology were used, twenty-seven percent were classified as 
wetland when only primary indicators were used. Predominant hydrophytic vegetation 
occurred at eighty-four percent of the sites, indicators of hydric soil and evidence of 
hydrology were observed at thirty-five percent of the sites. At only one site did hydric 
soil occur where hydrophytic vegetation did not. At all but four sites, indicators of 
hydric soils and hydrology complemented one another. 
The commonly used estimate of growing season, SCS soil survey frost free 
period (28° F 5 of 10 years), appears to underestimate the actual growing season (Soil 
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Survey Staff, 1992). This underestimation, approximately 2 months for this study, may 
not allow for the proper identification of soil that is saturated for a significant period 
late in the growing season. The wetland delineation method currently used by the 
New England Division of the United States Army Corps of Engineers needs to be 
reassessed relative to hydric soil determination and the use of secondary indicators of 
hydrology. Specifically, the determination as to the hydric status of somewhat poorly 
drained soils did not consistently agree with soil morphology or hydrology. Secondary 
indicators of hydrology should also be included as evidence of hydrology. These 
secondary indicators, oxidized rhizospheres, stained leaves, and/or shallow rooting 
were only found to occur where hydric soils and hydrophytic vegetation existed. 
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CHAPTER 1 
INTRODUCTION 
1.1 Wetlands 
Builders, scientists, environmentalists, legislators, and the general public are 
discussing the presence, and values of wetlands. The presence of wetlands is not 
disputed and the values of wetlands are well documented by governmental agencies, 
the scientific community, and the general public (Larson, 1990; Tiner, 1984). The 
builders and developers, perhaps, are the groups that are most aware of the obstacles 
which wetlands, either through the legislative regulations associated with them or their 
natural characteristics induce. 
In 1963, Massachusetts was one of the first states to pass legislation protecting 
coastal wetlands with the "Jones Act". Inland wetlands became regulated in 1965 by 
the passage of the "Hatch Act". A merging of these two acts formed the 
Massachusetts Wetland Protection Act of 1972 (MGL c.131 s.40). Regulations for this 
act were issued in 1974 (310 CMR 10.00). This Act has since been used as a model 
by other states developing similar legislation (Foote-Smith et al., 1991). The federal 
government began regulating wetlands with the passage of the Clean Water Act of 
1972. 
The present legislation, federal and state, essentially prohibits the net loss of 
wetlands. In addition, many local municipalities such as the town of Monson, 
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Massachusetts, specify a certain parcel of land to have a required minimum amount of 
land not regulated by the Massachusetts Wetlands Protection Act in order to be an 
acceptable building lot. These stipulations bring the need to accurately delineate a 
wetland to the forefront. 
Wetlands are defined as: those areas that are inundated or saturated by 
surface or groundwater at a frequency and duration sufficient to support, and that 
under normal circumstances do support, a prevalence of vegetation typically adapted 
for life in saturated soil conditions (Environmental Laboratory, 1987). The federal 
government uses the presence of hydrophytic vegetation, hydric soils and inundation 
and/or the presence of saturated soils during the growing season for a specific time 
period to delineate a wetland. The delineation of wetlands in Massachusetts is based 
solely upon the predominance of hydrophytic vegetation while soil morphology is used 
by the state of Connecticut. 
Hydrology is the driving force of a wetland, however, quite often it is not 
apparent and indicators of hydrology are usually difficult to detect (Environmental 
Laboratory, 1987). Therefore, hydrophytic vegetation and hydric soils are the most 
prevalent indicators of wetlands. Certain changes in the morphology of soil are 
evident along a transect which passes through a drainage sequence. These attributes 
have been characterized by Tiner and Veneman (1987) in Hydric Soils of New 
England. Species composition also changes throughout a drainage sequence. Plants 
which have adapted for growth in anaerobic environments become prevalent in the 
more poorly drained areas. 
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1.2 On-site Sewage Disposal 
Many glaciated suburban hill towns of Massachusetts have few, prime 
developable lands. Many areas are restricted due to slopes, shallow soils, perched 
water tables and/or wetlands. The constant steady growth during the first part of the 
century slowly encroached upon these marginal areas of southern New England. 
During the building boom of the 1980’s these sensitive areas became greater targets 
of encroachment and development. 
Generally, sewer systems in these towns are feasible only in the lower 
elevations. Subsequently, the majority of the town must utilize on site sewage 
disposal systems for treatment of waste water. Pursuant to the Code of 
Massachusetts Regulations (310 CMR 15.00), a minimum of 4 feet between the lower 
surface of the disposal system and the maximum high water table must be maintained. 
To assure this, most observations are performed during the wettest portion of the year. 
This at times places a burden on developers and land owners who wish to or due to 
financial reasons must proceed with a given project promptly. The proposed changes 
to The Massachusetts State Sanitary Code, Title 5, will allow for the use of soil 
morphology in the determination of water table levels. 
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1.3 Justification 
Additional studies of hydrosequences within local regions will provide pertinent 
information to the local boards of health and conservation commissions. These 
studies will also contribute information to improve the effective use of soil morphology 
in delineating wetlands in these regions. The use of soils for the siting of on-site 
sewage disposal systems and wetland delineation may expedite the regulatory process 
for the developer and private citizen. A streamlining of the federal, state, and local 
permitting process for work involving wetlands and/or site development would be 
possible. 
1.4 Intent/Hypothesis 
This study will investigate the morphological characteristics of hydrosequences, 
each located within a different landform/parent material and characterize the 
associated vegetation. The study will include field measurements of water table 
levels, redox potentials, soil water potentials, soil temperature, groundwater dissolved 
oxygen, ferrous iron, and soil characterization. The project hypothesis is that there is 
a correlation between vegetation type and diversity and soil development as affected 
by hydrology in different landform, parent materials, and landscape positions. 
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CHAPTER 2 
OBJECTIVES 
The objectives of this study are to examine hydrosequences developed in 
selected landforms and to assess the highest extent of seasonal water table levels by 
relating described soil morphological features with measured field and laboratory 
parameters. An attempt will also be made to relate hydrophytic vegetation with 
associated geologic landforms and corresponding soil morphology. 
Specific objectives are to: 
1. measure water table levels, redox potentials, soil water potentials, soil 
temperature, groundwater dissolved oxygen and ferrous iron at selected 
sites within Monson, Massachusetts. 
2. supplement the above mentioned parameters by characterizing these soils 
both chemically and physically. 
3. perform statistical analysis relating specific morphological features to 
measured field and laboratory data. 
4. characterize the vegetation at each site, utilizing methods listed in the 
Federal Interagency Committee for Wetland Delineation (1989). 
5. assess the relationship between vegetation, soils, and hydrology by 
applying previously developed criteria to similar selected sites in Monson, 
MA. 
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CHAPTER 3 
LITERATURE REVIEW 
3.1 Landforms and Soil 
Jenny (1941) stated that climate, organisms, relief, parent material and time 
are responsible for soil development. Although these factors may be interdependent, 
the effect of a specific landform may be narrowed to that of time and parent material. 
Buol et al. (1989) state that the time zero of a soil is that time when a 
catastrophic event is completed. Natural events may include climatic change, tectonic 
uplift, major geologic erosion or glacial processes (i.e. the landform development). 
Geiger and Nettleton (1979) related soil properties to the geomorphic age of 
landforms. Within Massachusetts landforms generally are the result of the most recent 
period of glaciation. These landforms became available for soil development between 
9000 to 12000 ybp (years before present). 
The role of parent material in the development of soils has long been 
recognized (Ehrlich et al., 1955; Cline, 1973). However, due to other soil forming 
factors, the effect of parent material on soil formation is sometimes difficult to decern 
(Erhlich et al., 1955). The various textures, permeabilities, mineralogies, acidities, and 
the method of deposition contribute to the parent material’s effect on soil development. 
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The large variety of soils in the Northeast are a result of glacial action (Sugden 
and John, 1976). The parent materials consist of various till, glacio-fluvial, lake bottom 
and loess deposits which may be coarse to fine, and acidic to basic. 
3.1.1 Till Deposits 
Till deposits constitute a major proportion of the soil parent materials within the 
Town of Monson, Massachusetts. These deposits are located on drumlins and what is 
often referred to as ground moraine. The tills of Massachusetts are poorly sorted and 
highly variable in their composition and physical characteristics (Dreimanis, 1976; 
Ashley et al., 1985). These characteristics are not only a result of the rock and 
mineral types of the deposit but the method of incorporation, transport and in particular 
the manner in which they were deposited. 
In the Monson, Massachusetts area two major types of till may be encountered, 
a compact loamy and a loose sandy variety (Peper, 1977). Loose sandy tills are the 
result of the melt out of debris either on the surface of the glacier or from within an 
entire stagnant glacier. These ablation tills may exhibit thin sand layers interbeded 
within diamictons, similar to that found in compact loamy tills (Ashley et al., 1985). 
The processes involved in the formation of lodgement till result in deposits of high 
compactness accompanied by high bulk density, low porosity and low void ratios 
(Dreimanis, 1976; Francis, 1974). 
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The pedological effect of till deposition is evident in Walsh and de Coninck’s 
(1973) study of aquepts formed on drumlins and moraines of north central Ireland. 
The primary difference among these aquepts was surmised to result from the mode of 
deposition of the till. The formation of drumlin lodgement till resulted in lower porosity 
than the looser till of the moraine. Additionally, in a study of fragipan and water table 
relations, Gile (1958) attributes an increase in the amount of free iron throughout 
profiles of brown podzolic and low humic gley soils to the presence of a pan 
(lodgement till). 
3.1.2 Glacio-fluvial Deposits 
Areas of Monson, Massachusetts were subjected to glacio-fluvial processes 
that resulted in the formation of outwash plains, valley trains and eskers (Peper, 
1977). Fluvial and glacio-fluvial deposits may be distinguished by the degree of 
sphericity of individual particles. Generally, glacio-fluvial particles have not been 
transported far distances by meltwater, therefore the particles will not be as well 
rounded as fluvial transported materials (Selby, 1990). Glacio-fluvial deposit are well 
sorted and exhibit a proximal to distal grading of particles (Francis, 1974; Smith, 1988; 
Selby, 1990). Closest to the outflow from the ice, large cobbles may be found which 
trend with distance to fine sands. However, sharp transitions, both vertical and 
horizontal, in particle size have been noted within any portion of outwash deposits 
(Francis, 1974; Sugden and John, 1976). Francis (1974) attributes this to the periodic 
infilling of abandoned stream channels. Overbank flooding of the many channels in 
use will also result in this vertical and horizontal variability (Smith, 1988). In contrast 
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to the general grading of outwash plains, valley fills may not exhibit the proximal to 
distal grading as well. This is a result of material being transported from the adjoining 
valley walls into the valley fill. This leads to an increase in lateral and horizontal 
variability in comparison to outwash plains (Smith, 1988). 
3.1.3 Physical/Chemical Characteristics 
3.1.3.1 Texture and Permeability 
The physical/chemical properties of the parent material exert a great influence 
on the development of soil characteristics. The pedological effects of variable textured 
strata have been studied by various researchers. Muckenhausen (1973) accredits the 
formation of pseudogleys to the variability of texture throughout the profile. Vepraskas 
et al. (1974) found when a fine strata overlies a coarser material, ped interiors may be 
saturated at low tensions while the pores remained air filled. Similar results have 
been found by Miller (1973) and Clothier et al. (1978). This phenomenon may be 
attributed to the lower unsaturated hydraulic conductivity of the coarser material (Hillel, 
1982). Clothier et al. (1978) concludes that this condition provides favorable 
conditions for the oxidation and reduction of iron and manganese. Crown and 
Hoffman (1970) suggest the textural differences of Ontario gleyosols are responsible 
for the accumulation of iron found in these soils. 
Many soil properties are related to the effect of soil texture on the rate and 
depth of leaching within a soil (Birkeland, 1984). Macintosh and Van der Hulst (1978) 
accredit the variability of saturation periods within drainage classes to the soil’s 
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texture. Additionally, the height of capillary fringe is dependent on the texture of the 
soil (Table 1) but is difficult to define on a site specific basis (Childs and Clayden, 
1986). 
Table 1. Estimated capillary fringe for different soil 
textures (after Childs and Clayden, 1986). 
USDA Textural Class 
Range in Estimated 
Capillary Fringe (cm) 
Coarse sand 1-7 
Very fine sand 4-12 
Loamy coarse sand 5-14 
Loamy very fine sand 10-20 
Coarse sandy loam 8-18 
Very fine sandy loam 16-26 
Loam 20-30 
Silt loam 25-40 
Silt 35-50 
Sandy clay 20-30 
Silty clay 40-60 
Clay 25-40 
Crompton (1973) suggests a large permeability, affected by texture and degree 
of compaction of the material, offsets the accumulation of weathering products. 
The accumulation of weathering products, in turn, affects the pedological development 
of structure. The higher permeabilities of coarse textured materials (under saturated 
conditions) result in increased levels of leaching (Schwertmann and Fanning, 1976) 
(Fig. 1) and less development of structure. Coarse textures also result in lower 
volumetric water contents at a given matric potential (Fig. 2). 
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Fig. 1. The linear dependence of flux upon 
hydraulic gradient, the hydraulic conductivity 
being the slope (adapted from Hillel, 1982). 
Volumetric Water Content 0v 
0.0 0.1 0.2 0.3 0.4 0.5 0.6 
Fig. 2. Matric potential-water content function (from Jury 
et al., 1991). 
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The movement of oxygen within soil proceeds through diffusion. The texture, 
bulk density, and aggregate size of a soil will influence the depth to which oxygen may 
diffuse (Grable, 1968). In fine textured soils the pores may remain saturated, forcing 
the air to diffuse through the soil solution, thereby reducing the oxygen diffusion rate. 
This will increase the propensity to develop an anaerobic environment. Coarser 
textured soils will drain quicker and allow for the diffusion of oxygen through gas filled 
pore space. Megonigal et al. (1993) speculate the fine texture of Chastain (fine, 
mixed, acid, thermic, Typic Fluvaquent) soils to be responsible for the reduced, relative 
to respiration, 02 diffusion rates even during unsaturated periods. 
3.1.3.2 Mineralogy 
The mineralogy of soils is almost exclusively inherited from the parent material 
with the exception of the minerals developed during pedogenisis and weathering (Allen 
and Fanning, 1993). Uses and inferences from mineralogy data include: 
Skeletal mineralogy 
1. Uniformity of parent material for the various horizons of a profile or lack of 
uniformity. 
2. Presence of lithologic discontinuities (based on shifts in mineral species 
percentages from horizon to horizon). 
3. Nutrient status and soil fertility reserve of soils (based on content of 
weatherable minerals which release plant nutrients as they weather). 
4. Degree of weathering, based on ratio of weatherable to 
nonweatherable minerals. 
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5. Probable course of clay mineral formation and soil development, 
based on types of minerals present. 
6. Recognition or presence of certain types of primary minerals or 
aggregates which impart unique and distinctive properties to the soil. 
Clay mineralogy 
1. Physical qualities, as shrink-swell potential, plasticity, moisture retention, 
permeability. 
2. Cation exchange characteristics. 
3. Potassium reserve and release rates. 
4. Weathering stage intensity of weathering factors to which soils have been 
submitted (Buol et al., 1989). 
The Soil Survey Staff (1992) has recognized the aforementioned uses and 
incorporates mineralogy into the family differentae. 
3.2 Soils Within a Landform 
The variability and the characteristics of soils throughout an individual landform 
(ie. toposequence or hydrosequence) have been investigated and discussed by many 
(Daniels et al., 1971; Fanning et al., 1973; Schwertmann and Fanning, 1976; 
Richardson and Hole, 1979; Gerrard, 1981; Veneman and Bodine, 1982; Pickering and 
Veneman, 1984; Evans and Franzmeier, 1986a; Buol et al., 1989;). 
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An important factor affecting the nature and distribution of soils within a 
landform is it’s configuration (St. Arnaud, 1976). Relief is the major constituent of 
pedogenesis within a landform’s configuration. Attributes of relief include aspect, 
slope, slope configuration, and natural drainage (Buol et al., 1989). 
3.2.1 Aspect and Slope 
The aspect and slope of a landform affect the microclimate of the soil. A 
southerly facing slope of a northern hemisphere landform will tend to be warmer and 
drier than a north facing slope. The slope (as measured in percent) of the landform, 
comparable to the aspect, will increase the amount of solar energy received 
throughout the year. Increases in solar energy will lead to an increase in 
evapotranspiration and higher energy levels in the soil system. 
3.2.2 Slope Configuration 
Variation in soil properties can be related to contrasting conditions of head 
slopes, nose slopes, and side slopes (Buol et al., 1989). Depths of soil solum have 
been shown by Norton and Smith (1930) to vary inversely with slope percent. Aandahl 
(1949) and Coultas et al. (1979) described higher organic matter contents in soils 
positioned at the toeslope than those soils of the ridges. Brubaker et al. (1993) found 
significant differences among 13 soil properties throughout an eastern Nebraskan 
landscape. Diametrically, a study of spatial variability within landscapes of Virginia 
found differences resulting form landscape position to be minimal (Stolt et al., 1993). 
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3.2.3 Natural Drainage 
The natural drainage within a landform has been shown to exhibit significant 
pedological effects as expressed by the catena concept (Daniels et al., 1971; 
Schwertmann and Fanning, 1976; Macintosh and Van de Hulst, 1978; Zobeck and 
Ritchie, 1984). The "catena concept" applies to downslope soil differences that result 
from variations of drainage conditions (Conacher and Dalrymple, 1977). The drainage 
of a landform is controlled by the slope and/or internal characteristics (Macyk et al., 
1978). Patric and Lyford (1980) discussed the importance of hydraulic gradient and its 
influence on levels of saturation and soil drainage. They found saturation of poorly 
drained soils to impede the lateral drainage of well and moderately-well drained soils. 
The low porosity and high bulk density of lodgement till or fragipan will impede 
a landform’s vertical drainage (Lyford, 1964; Patric and Lyford, 1980; Veneman and 
Bodine, 1982). Lyford described a nonparallel retreat of groundwater to slope, when 
subsurface draining began. Parallel drainage did not ensue until the lowest position 
began to drain. In a study of Brown Podzolic and Low Humic-Gley soils with a 
fragipan, Gile (1958) observed lateral movement of water to keep the water table of 
the Low Humic-Gley near the surface while lateral movement in the Brown Podzolic 
soils lowered the water table. Veneman and Bodine (1982) have noted similar water 
movement in central Massachusetts soils with a hardpan. Vepraskas and Wilding 
(1983a) suggest that the laterally moving water of the upper slope will be less aerated 
than the rain water within the lower slope soils. 
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3.3 Soil Characteristics Related to Water Table Levels 
The effect of groundwater on soil morphology and soil use has long been 
known. As stated by Smith (1973), Hilgard discussed the effects of groundwater on 
soil colors, concretions, trafficability. and crops in the state of Mississippi. 
Groundwater may also be responsible for the addition or removal of materials in a soil. 
Additionally, it is responsible for the reduction in the oxygen diffusion rate. The 
presence of gley. mottling, concretions, organic streaking, oxidized rhizospheres. 
ortstein. and histic epipedons are associated with fluctuating or permanent 
groundwater tables. The occurrence of these characteristics is used by soil scientists 
as an indicator of a soil’s internal and external drainage (Clothier et al., 1978). 
Pickering and Veneman (1984) characterized soil morphological characteristics 
in a central Massachusetts hydrosequence. Uniform brown colors in the well-drained, 
mottles and highest chroma matrix in the moderately well-drained, and lowest chroma 
colors in the very poorly-drained soils were described. They attributed prominent 
ferrans and albans, in the 2Cx horizon of moderately well drained soils, to moist but 
intermittently saturated conditions during the growing season. The somewhat poorly 
drained sites exhibited low chroma mottles in the B horizon even though the water 
table remained there for short periods. Chroma 1 or neutral colors were only found in 
the very poorly drained sites. Similarly, Richardson and Hole (1979) described an 
increase in mottling when progressing from the well drained to the very poorly drained 
soils. The poorly drained sites were the only soils to be gleyed. The somewhat poorly 
drained soils had substantial mottling and the well drained were free of mottles. 
16 
In a study of a central Ohio hydrosequence, Zobeck and Ritchie (1984) also 
found low chroma colors closer to the surface in the more poorly drained soils and 
correlated the low chroma colors to the highest average water table. They also 
described mottling in upland depressions with slow drainage and a mottled zone of 
uniform thickness throughout the slope. This is unlike Veneman and Bodine’s (1982) 
findings. In their study of a drainage sequence, they found a thicker zone of mottling 
higher in the sequence and then an increase in mottling and gley further downslope. 
They attribute the increase in mottling to the presence of a hardpan which forces the 
groundwater to move down slope. This results in wetter toeslope soils. Wet spring 
climates that lead to moist soil conditions throughout the profile result in the 
development of ferrans. The albans and sesquioxide accretions present in the ped 
interiors result from the short term saturation (reduced environment) of the larger 
pores and subsequent precipitation of Fe within the aerobic ped interiors. 
Low chroma matrices and hues of 2.5Y and 5Y in subsoils were found to be 
reliable criteria in the identification of waterlogging in soils of the Pacific Northwest 
(Simonson and Boersma, 1972). Faint and distinct mottling correlated to the highest 
degree of waterlogging and highest values and lowest chromas were in the poorly 
drained sites. The chroma colors were found to be a function of the percent time of 
saturation of each soil series studied. 
Some Indiana soils which are saturated much of the year have dominant low 
chroma matrices (Franzmeier et al., 1983). Soil horizons which had low chroma 
mottles only and were above dominantly gray horizons were saturated for a few 
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months. Concurrently, 3 chroma soils were often saturated when mottles or argillans 
are present in these soils. These soils are wetter than Soil Taxonomy definitions 
reflect. Three chroma colors estimated the water table better than 2 chroma colors 
of soils formed in sandy outwash and high chroma mottles could be used to predict 
seasonally high water tables (Franzmeier et al., 1983). In conclusion, they suggested 
three classes of soils: 
1. Horizons with 2 chroma matrix, mottles or argillans are periodically 
saturated, except those deep horizons with no organic material. 
2. Horizons with 3 chroma colors and no 2 chroma colors are 
periodically saturated but less reduced than those mentioned in number 
one above. 
3. Horizons with greater than 5 chroma colors and with no colors of chroma 
less than or equal to 3 are never saturated if they are well above grayer 
horizons or seldom saturated if they are. 
Conversely, Evans and Franzmeier (1986a) in a study of Indiana soils, argue 
that the current criteria for aquic moisture regimes correspond well with the 
morphology (<2 chroma) used in identifying them. They surmise that 3 chroma soils 
are associated with occasional saturation and possible shorter periods of reduction. 
Soils in a saturated-reduced, saturated-oxidized, and nonsaturated-oxidized are 
described. The saturated-oxidized soils are thought to be a result of a higher oxygen 
content being maintained by fast moving groundwater. 
Three chroma colors for the prediction of saturation has also been suggested 
by Vepraskas and Wilding (1983a). They state that aquic moisture regimes of Alfisols 
can be predicted by 3 chroma colors on the exterior of peds and 4 chroma colors or 
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higher mottles within the ped. They also suggest the presence of ped and channel 
neocutans composed of albic materials to be used in the prediction of seasonal 
saturation of high chroma Texan soils (Vepraskas and Wilding, 1983b). The zone of 
water table fluctuation also included iron and manganese nodules. Schwertmann and 
Fanning’s (1976) findings concur with Vepraskas and Wilding’s (1983b) observations 
of nodules and concretions in areas of water table fluctuations. They assert that 
permanent wetness leads to the formation of mottles as opposed to nodules and 
concretions. They propose that the formation begins with the precipitation of 
manganese until the supply is exhausted and is followed by the precipitation of iron. 
In finer textured horizons over coarse horizons, Vepraskas et al. (1974) found 
low chroma mottled ped interiors and high chroma mottles on the outer portions of 
peds when water tables were low. Air filled pores and peds that were saturated at low 
tensions were found in finer textured horizons above a coarser horizon. The presence 
of a low chroma matrix or low chroma mottles within peds did not necessarily indicate 
long periods of saturation within the entire horizon (Vepraskas et al., 1974). 
Crown and Hoffman (1970) related mottle development to duration of saturation 
in Ontario gleyosols. Mottles with more diffuse boundaries as well as an increase in 
size and abundance correlated with an increase in duration of saturation. In soils with 
the highest degree of water table fluctuations horizontal banding of mottling occurred, 
but they suspect the accumulation of iron may have resulted from the textural 
stratification. Short saturation resulted in smaller mottles with more distinct 
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boundaries. Subsequently, they feel that the form and boundary characteristics of 
mottles could be useful in assessing the moisture status of soils. 
In a study of a Wisconsin toposequence, Veneman et al. (1976) found Mn to be 
reduced and removed from the soil while Fe remained oxidized when saturation was 
short term (1 day). Without reduction and subsequent removal of iron, the soil 
retained a high chroma color. When soils were saturated for several days and 
exhibited matric potentials of 15 mbars, reduction of Mn and Fe occurred in the peds. 
This resulted in the movement of materials towards the pores. Consequently, 
neoferrans with diffuse boundaries developed along the pores. Reduction on the 
surface of peds occurred with saturation of several months. This lead to the 
movement of Fe into the oxidized inner parts of the ped. They suggest that the 
short-term saturation would not be predicted using the current criteria. 
3.4 Iron and Hydromorphic Soils 
3.4.1 Iron 
Color has long been recognized as a useful tool in the description of a soil. 
Soil Taxonomy frequently uses colors to separate soil orders, suborders, great groups, 
and subgroups. 
Iron is the third most abundant element in soils. The reactive iron of soils is 
predominantly in the form of iron oxides (Gotoh and Patrick, 1974). The primary 
constituent responsible for the existence of high or low chroma colors in the subsoil is 
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the presence or lack of Fe, either in the oxidized or reduced form. Even at low 
concentrations Fe(lll) oxides have a high pigmenting power within a soil and also may 
be responsible for the development of structure and fabric (Schwertmann and Taylor, 
1989). The red and yellow hues present in an oxidized soil environment are a result 
of various forms of Fe(lll) oxides (Schwertmann, 1985). 
Goethite, hematite, lepidocrocite, ferrihydrite, and maghemite have been 
identified as forms of Fe(lll) oxides found in soils. Goethite (FeOOH) is the most 
prevalent Fe(lll) oxide found in Massachusetts soils. It has a yellowish-brown to dark 
brown color and is often formed by precipitation from solution (Allen and Fanning, 
1983). Hematite (Fe203) is the second most common Fe(lll) soil oxide in the world 
and usually has a bright red (5R-2.5YR) color. It is commonly found in well drained 
soils in tropical and warm temperate regions. Goethite and hematite may be closely 
associated and either of their existence may be the result of a slight change in 
temperature, soil pH, soil organic matter or activity of soil water (Fig. 3) 
(Schwertmann, 1985). Lepidocrocite (FeOOH) is orange (7.5YR) colored and is 
usually found in mottles or concretions in temperate hydromorphic soils (Brown, 1953). 
It forms from the oxidation of Fe(ll) hydroxy compounds and its crystal size is a result 
of the rate of oxidation (Schwertmann and Taylor, 1989). In a study of gley soils of 
north-west England, Brown (1954) found lepidocrocite to be the main pigment in 
mottles. Ferrihydrite (5 Fe203 • 9 H20) is most commonly found in temperate or cool, 
moist environments in the presence of relatively high organic compounds. It is either 
associated with goethite or lepidocrocite or found as the only Fe oxide compound 
(Schwertmann, 1985). Maghemite (Fe2Q3) is rare and predominately found in parent 
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Factors Process 
Fe III ions 
t rate of Fe release 
i organic matter 
i pH (pH 3-8) 
i soil temp, 
i soil moisture 
Figure 3. Hematite and goethite: Schematic representation of their 
competitive process of formation and factors influencing it. Small 
arrows indicate that increasing (f) or decreasing (J.) expression of 
the factor favors hematite formation with opposite effects for 
goethite. One factor can affect two different processes. Higher soil 
temperature may not only induce dehydration of ferrihydrite and 
thereby reinforce hematite formation directly but may also accelerate 
Fe release and organic matter decompositon and therby favor 
hematite indirectly (adapted from Schwertmann, 1985). 
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materials of basic igneous rocks (Schwertmann and Taylor, 1989), it is reddish brown 
and has magnetic properties (Allen and Fanning, 1983). 
3.4.2 Hydromorphic Soils 
One of the most characteristic features of hydromorphic soils is iron reduction. 
The reduction of iron oxides is responsible for the presence of low chroma colors that 
are commonly found in mineral hydric soils. The presence of readily decomposable 
organic matter, warm temperatures (above 5° C), and anaerobic microbial activity are 
needed for the reduction of Fe oxides (Meek et al., 1968; Munch et al., 1978). Most 
often, conditions favoring a reducing environment will result from total saturation or 
near saturation of a soil (Thomasson and Bullock, 1975; Childs and Clayden, 1986). 
Soil saturation may be the result of low permeability, the presence of a confining layer 
or a high groundwater table. 
Saturation results in a lower oxygen diffusion rate (Callebaut et al., 1982). 
Callebaut et al. (1982) found oxygen diffusion rates to increase when water tables 
were lowered. It was not until water table levels were >50 cm in depth that the oxygen 
diffusion rate, at the 5 cm depth, exceeded the level at which aeration is considered 
sufficient to sustain vigorous root growth. When a soil initially becomes anaerobic, 
nitrates are first to be reduced followed by MnOx then FeOx and then sulphates (Childs 
and Clayden, 1986) (Fig. 4). 
23 
c 
o 
o 
Fig. 4. A typical sequence of chemical changes following the flooding of 
a neutral eutrophic soil. Except for redox potential (- - -) the curves 
represent changing concentrations of the named species in soil 
solution, plotted as a percentage of their maximum values which are 
indicated by the bracketed numbers (from Maltby, 1987). 
Often the oxidative-reductive state of a soil is measured by the Eh of the soil 
environment. Ponnamperuma (1972) describes Eh as a "quantitative measure of the 
tendency of a given system to oxidize or reduce susceptible substances". If the Eh is 
low or negative the environment is intensely reduced. When the Eh is high the 
environment is oxidized. Ponnamperuma (1972) lists the soil factors that may 
influence the variations of a saturated soil’s Eh: 
1. soils high in nitrate have positive potentials for several weeks after 
submergence; 
2. soils low in organic matter or high in manganese maintain positive 
potentials even 6 months after submergence; 
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3. soils low in active manganese and iron (sandy soils) with more than 3% 
organic matter attain Eh values of -0.2 to -0.3 V within 2 weeks of 
submergence. 
Iron reduction involves the use of Fe(lll) as external electron acceptors for 
microbial metabolic reactions (Munch et al., 1978). Schwertmann et al. (1986) has 
sketched this reaction using glucose as a simple organic compound: 
24FeOOH + C6H1206 + 6H20 = 24Fe2+ + 6C02 + 480FT 
As the strongest electron acceptor is consumed (N03), Mn oxides followed by 
Fe oxides become the acceptors. This results in development of soluble forms of Mn 
and Fe (Patrick and Henderson, 1981). If electrons are still being made available and 
the acceptors are not present, the environment becomes more strongly reduced 
(Ignatieff, 1941; Bohn et al., 1985). 
The relations of Eh, water table levels, and reduction of substances have been 
studied by many (Gotoh and Patrick, 1974; Macyk et al., 1978; Munch et al., 1978; 
Ransom and Smeck, 1986). Macyk et al. (1978) found redox values to be highest in 
well drained soils (450-650 mV). In poorly drained soils the Eh varied with water table 
fluctuations. The imperfectly drained soils, where the largest fluctuations in water 
table levels occurred, exhibited the most marked fluctuations in Eh. These soils also 
tended to be the most well developed in terms of structure and chroma. 
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In model experiments performed at 30° C, Munch et al. (1978) found iron 
reduction to reach its maximum 15-16 days after anaerobic conditions developed. 
After 2-3 days, the Eh dropped to -300 mV. In a sample of a Bg horizon containing 
goethite, free Fe oxides and noncrystalline forms decreased significantly within 10 
days under anaerobic conditions. The amorphous forms of Fe decreased rapidly 
(within 2-3 days) in a mottled gley horizon, while the crystalline oxides remained 
unaltered until all amorphous forms were reduced. They postulated that the amount of 
dissolved Fe2+ present is dependent on the: 
1. quality of easily decomposed organic material 
2. pH and Eh status of soil at flooding 
3. presence of nitrate, nitrite and Mn4+ compounds 
4. amount, crystallinity and particle size of the pedogenic free Fe3+ oxides. 
Ransom and Smeck (1986) found similar results regarding the presence of Fe2+ 
and low redox measures. In soils of southwestern Ohio they found a significant 
negative correlation between Fe2+ and Eh. Oxidation resulted in the precipitation of 
Fe3+ and an increase in Eh; reduction resulted in a decrease in Eh and the presence 
of Fe2+ in solution. 
The pH of a soil has also been shown to affect the amount of iron transformed 
by reductive processes (Gotoh and Patrick, 1974). They state that lower pH allows 
iron to be reduced at a higher Eh value and higher pH tends to lower the Eh value at 
which iron reduction occurs (Fig. 5). 
26 
Fig. 5. Stability fields of iron and manganese related to Eh and pH in 
0.01 A/ chloride solutions (from Buol et al., 1989). 
The presence of ferrous iron is an indicator of reducing conditions (Childs, 
1981). Products like a.a’-dipyridyl may indicate this by a change in color depending 
on the specific redox conditions. Reducing conditions may also be indicated by the 
blue-green colors of stagnant reduced Fe. Additionally, the oxidation and subsequent 
precipitation of iron in solution, upon exposure to an aerobic environment, is an 
indicator of a reducing environment (Starkey and Halvorson, 1927; Daniels et al., 
1971). 
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The presence of low chroma mottles and/or a gleyed horizon may also indicate 
the presence of a reducing environment at some time. Mottling is a result of the 
reduction and mobilization of Fe and Mn and its subsequent oxidation and precipitation 
(Howler and Bouldin, 1971; Clothier et al., 1978). In a study of mottle color and 
formation in soil columns Dobos et al. (1990) described a yellowing of hues with an 
increase in time of saturation, temperature, and organic carbon (reducing conditions). 
The chromas of mottles almost always decreased as organic carbon increased. In an 
earlier study of color, Daniels et al. (1961) reported that sediments with 2.5Y and 5Y 
hues normally had low ferrous iron contents (<0.002%). They postulated that, 
although these sediments were in saturated areas, the sediments were not in an 
intense reducing environment. This reasoning is based on the presence of neutral 
hues and greenish gray colors where sediments contained >0.002% ferrous iron. 
Gley soil colors may be black, blue-green or gray if not masked by humified 
organic matter (Bloomfield, 1973). The black color is a result of ferrous sulphides 
(excluding any effect of parent material coloration) and the blue-green, ferrous 
hydroxides. The gray results from the leaching and eventual loss of soluble iron from 
the profile (Brown, 1954). Mottled gleyed soils are the result of zones of oxidation 
within the gleyed horizon (Howler and Bouldin, 1971). This may be due to the 
presence of roots providing a source of oxygen (Bloomfield, 1952) or the presence of 
nonsaturated zones and/or textural differences. The greatest accumulation of Fe 
(mottles, sesquans, nodules) generally occur proximal to the upper boundary of the 
fluctuation zone of soils with restricted drainage (Wilding and Rehage, 1985). 
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3.5 Soil-vegetation Relations 
The United States Department of Agriculture (USDA) Soil Conservation Service 
(SCS) (1989) defines soil as "a natural, three dimensional body at the earth’s surface. 
It is capable of supporting plants....". Jenny (1980) views the soil-vegetation relation 
as an individual ecosystem. The plant-soil interaction is an integral component in soil 
formation and has been intensively studied (Stout, 1952; Lyford et al., 1963; 
Chambless and Nixon, 1975; Johnson and Siccama, 1979; Veneman and Tiner, 1990). 
3.5.1 Influence of Vegetation on Soil Morphology 
The influence of vegetation on the development of soil is incorporated in the 
biotic factor. Vegetation may influence soil development through a variety of manners. 
These may include: the removal of minerals or moisture; the addition of minerals, 
organic materials or moisture, or soil turbation by root growth or throw. As 
Daubenmire (1968) points out, these effects are initially brought upon by the soil itself. 
He describes an area in Minnesota where coarse glacial till supports evergreen 
coniferous forest and areas within this coarse till deposit which are fine textured 
calcium-rich till supporting deciduous forest. Initially the deposits controlled the 
vegetational communities. Through time, the coarse till became podzolized under the 
influence of the evergreen forest while the calcium rich till, due to the base 
assimilation of the deciduous forest, retained its’ fertility. Each of these forest types 
amplified the original differences among the parent material. 
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Lutz and Cline (1947) discussed soil changes within the Harvard Forest, 
located in Petersham in central Massachusetts. Under the influence of old field pine, 
the soil gains a deeper organic layer while the thickness of the A horizon diminishes. 
In addition, an eluvial horizon becomes apparent over a period of 60 years. 
Subsequent to the removal of the pure stand of pine and replacement with a 
deciduous forest the depth of organic material decreases and the A horizon deepens 
while the podzolized profile gives way to one with increased fertility and tilth. Miehlich 
and Zottl (1973) found similar podzolizing effects under spruce. They documented 
differences in total Fe, dithionite and oxalate soluble Fe, in the fine earth fraction 
under oak/beech and spruce stands. Hemlock has also been shown to affect Fe 
concentrations of Connecticut soils (Johnson and Siccama, 1979) and lead to 
podzolization. They found thicker E and Bhs horizons and lower pH under hemlocks 
than under white pine. The morphological and chemical characteristics of upland 
Windsor soils (Typic Udipsamments) may adjust rapidly (50-100 y) to the type of 
vegetation. DeKimpe and Martell(1976) reported that vegetation type affected the 
extractable sequioxide contents of soils. Higher amounts of extractable Fe were 
documented in the upper part of B horizons and more Al in the lower part of soils 
beneath coniferous trees than under deciduous trees. 
Development of soil structure is affected by plant roots. Through the constant 
removal of moisture the soil may dry, resulting in planes of weakness. This, along 
with the pressure exerted by growing roots enhances the distinction between 
aggregates (Daubenmire, 1968). Additionally, vegetation takes from and recycles 
nutrients and minerals within the soil. This recycling not only occurs through the 
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decomposition of organic matter but through leaf drip as well. A plant may return as 
much phosphorous and potassium through leaf drip as through leaf decay 
(Daubenmire, 1968). 
3.5.2 Soil-vegetation Correlations 
The distribution of individual plant species and soil types is, perhaps, the most 
easily seen relation between soil and vegetation. It has been shown by many that 
various physical and chemical properties affect plant species distribution. Soil 
characteristics affecting the plant’s distribution may range from major properties such 
as the method of parent material deposition to small scale variables such as organic 
matter content or chemical compositions. This distribution is discussed by Ricklefs’ 
(1983) description of Clematis and other forest floor species of eastern Indiana. He 
mentions Clematis restriction to dry rocky soils on outcroppings of dolomite and 
describes black cherry’s affinity for a narrow range of calcium variation and its’ 
insensitivity to organic carbon contents. Inversely, bloodroot has a sensitivity to 
organic carbon content and an insensitivity to the calcium content, ter Braak (1992) 
showed the apparent dependence of vegetation distribution on various soil parameters. 
Parameters included in the study were: (1) thickness of the A1 horizon; (2) moisture 
content of the soil; (3) quantity of manuring; (4) agricultural use; and (5) type of 
management. 
Although, the correlation of plant communities and soils drainage may have 
recently become a topic of increased focus as a result of developments in the 
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delineation of wetlands, it has been studied for a long time. The degree of drainage 
within a soil may be the result of the soils’ parent material and/or its’ positioning within 
the landscape. Within Massachusetts much research has been devoted to this by the 
staff of the Harvard Forest of Petersham, Massachusetts. Stout (1952) noted the 
correlation of the distribution of species concentrations with that of seasonal water 
table regimes. Areas with compact basal till with a soil solum of 20 inches or less 
supported stands of white ash and areas of this till that had a solum greater than 20 
inches supported stands of red oak. Stout attributed the variation of vegetation to the 
apparent difference in drainage between the two soils. 
Lyford et al. (1963) concluded that the relationship between soil and vegetation 
type was the result of factors other than soil drainage alone. Of the seven most 
common species only white pine and white ash distribution appeared to be related to 
soil types. Notwithstanding Stout’s (1952) findings, Lyford et al., attributed the growth 
of white pine stands on sandy soils not to high growth rates of white pine but to the 
hardwoods lower rate of growth on these soils. Forest clearing and the resultant 
change in soil moisture were reasoned to be responsible for the presence of white ash 
stands. Additionally, they suggested that in reconnaissance mapping of soils, certain 
forest types may indicate the presence of or lack of particular soil characteristics. 
Olson and Hupp (1986) found the distribution of vegetation to be strongly 
dependent on water availability. Therefore, vegetation may reflect the presence of 
subsurface barriers and sediment-soil facies changes. Correlations were made 
between the vegetation studied and the soil and geology of the area. They stated that 
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vegetation was a good indicator of specific physical conditions and soil characteristics. 
Coultas et al. (1979) also found certain vegetation to be restricted to soil types and 
suggested a close conformity between major vegetation types and the Great Group 
classification level of soils. 
The presence of a high water table and its’ subsequent effect on the formation 
of gley accounted for the changes in density and height of Fraxinus americana in a 
transitional floodplain forest (Buchholz, 1981). He found that at sites with the greatest 
depth to gley, the density and height of Fraxinus americana increased. Where gley 
was closest to the surface, Cornus fiorida was excluded. Further noted was the 
increase in forest species diversity and biomass along the levee (gley occurred at 
lower depths), while it diminished away from the levee (gley occurred at shallower 
depths). Chambless and Nixon (1975) reported corresponding results in their study of 
woody vegetation and soil relationships in a bottomland forest of east Texas. 
Additionally, Crampton (1973) found that gleying almost completely determined a soil’s 
productive capacity. He reported that rotation periods for trees on poorly drained soils 
was shorter than on well drained soils. Partial gleying, under certain conditions, is 
said to be beneficial to production. 
3.5.3 Jurisdictional Wetlands 
The delineation of jurisdictional wetlands (Environmental Laboratory, 1987) 
involves the use of hydric soils, hydrophytic vegetation, and hydrology. The 
USDA-SCS has developed a list of hydric soils that occur in the United States 
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(Soil Conservation Service, 1991). Hydric soils are soils that meet criteria set by the 
National Technical Committee for Hydric Soils (Table 2). 
Table 2. Criteria for hydric soils (adapted from Soil Conservation Service, 1991). 
1. All Histosols except Folists. 
2. Soils that are frequently^ ponded or flooded <7 consecutive days during the 
growing season. 
3. Soils in the Aquic or Albolls suborders, Aquic subgroups, Salorthids great group, 
Pell great groups of Vertisols, Pachic subgroups, or Cumulic subgroups that are: 
a. somewhat poorly drained and have a frequently occurring water table within 
15 cm of the surface for a significant period§ during the growing season, or 
b. poorly drained or very poorly drained and have either: 
(i) a frequently occurring water table within 15 cm of the surface for a 
significant period during the growing season if textures are coarse sand, 
sand, or fine sand in all layers within 50 cm, or for soils with other 
textures, 
(ii) a frequently occurring water table within 30 cm of the surface for a 
significant period during the growing season if permeability is >15 cm h'1 
in all layers within 50 cm, or 
(iii) a frequently occurring water table within 45 cm of the surface for a 
significant period during the growing season if permeability is <15 cm h'1 
in any layer within 50 cm. 
4. Soils that are ponded for long or very long duration during the growing season. 
5. Soils that are frequently flooded for long or very long duration during the growing 
season. 
t Frequently is defined as occurring in 50 out of 100 yr. 
§ A significant period is usually >2 wk. 
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The United States Fish and Wildlife Service in cooperation with other agencies 
has published a list of vascular plants which occur in wetlands (Reed, 1988). The list 
reports plants into four categories. These include (under natural circumstances): 
Obligate wetland (OBL): Plants which occur >99% of the time in 
wetlands. 
Facultative Wetland (FACW): Plants which occur 67-99% of the time 
in wetlands. 
Facultative (FAC): Plants which occur 34-66% of the time 
in wetlands. 
Facultative Upland (FACU): Plants which occur 1-33% of the time 
in wetlands. 
An area has hydrophytic vegetation when more than 50% of the dominant 
species are OBL, FACW, or FAC (Environmental Laboratory, 1987). Plants which 
occur >99% of the time in uplands (UPL) are not listed in the publication. 
Veneman and Tiner (1990) studied the correlation of soils and vegetation within 
the Connecticut river floodplain in western Massachusetts. Soils were examined to 
determine their hydric soil status. Following methods developed by Wentworth and 
Johnson (1986) the vegetation at each soil observation site was analyzed to establish 
its’ hydrophytic status. Overall, where hydric soils were present, hydrophytic 
vegetation also existed as well as the inverse. On several occasions they did find 
inconsistencies between hydric soils and hydrophytic vegetation. At two locations of a 
hydric Saco, soil nonhydrophytic vegetation was found. They attribute this to the 
presence of two UPL species and suggest the indicator status of these species should, 
perhaps, be reclassified as FACU-. Also, hydrophytic vegetation occurred at two 
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nonhydric Limerick soil locations. The soils of these locations were not flooded long 
enough to be classified as hydric. The authors suggest that the indicator status 
(FACW) of wood nettle and ostrich fern be reexamined to determine if a change to 
FAC is warranted. A proposal is made to change their indicator status to FAC, which 
would move the weighted and index averages into the 2.5-3.5 range. This is the 
range in which Wentworth and Johnson (1986) recommend the use of hydrology and 
hydric soils be used to make a determination if a wetland is present. 
Faulkner and Patrick (1992) also found good correlations among hydric soil 
characteristics and hydrophytic vegetation of bottomland hardwood forests in 
Louisiana. 02, Eh, and water table supported soil profile characteristics in 18 of 20 
sites. They found 02/Eh, 02/water table, and Eh/water table correlations to be highest 
within 30 cm of the soil surface. Diagnostic wetland soil indicators were present in 
soils that were saturated and reduced >25% of the growing season. A study by 
Megonigal et al. (1993) concluded with similar results. In their study, hydric soil 
indicators, determined by physical measurements, correctly identified the presence of 
hydric soils. 
3.6 Redoximorphic Features, Aquic Moisture Regime, and Associated Problems for 
Assessing Water Table Levels 
Many studies have demonstrated the problems of using redoximorphic features 
for the prediction of current water table levels (Daniels et al., 1973; Ruhe et al., 1955; 
Vepraskas and Wilding 1983a; Couto et al., 1985; James and Fenton, 1993). Daniels 
et al. (1973), Vepraskas and Wilding (1983a), and Childs and Clayden (1986) found 
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redoximorphic features to be relicts of past drainage conditions. In Wisconsinan loess 
deposits of southwest Iowa, Ruhe et al. (1955) found repeated occurrences of 
deoxidized zones to be representative of past reduced conditions. Similarly, James 
and Fenton (1993) discuss the implications of applying hydric soil indicators to a 
drained soil. 
Daniels et al. (1973) found that saturation of some aquults for up to 5 months 
did not signify reducing conditions. In these soils, 02 levels in the upper 0.5 m 
remained high enough to maintain oxidizing conditions. Soils which are saturated with 
oxygen-rich waters or possess low organic matter contents may not produce 
redoximorphic characteristics (Blume and Schlicting, 1985). Correspondingly, 
reduction may not occur in the lower part of the soil profile even when a high water 
table is present for more than 90 days yr'1, unless a source of energy for microbial 
activity is present (Couto et al., 1985). 
Although redox potentials generally correlate well with moisture content, 
saturation, induced reduction and vice versa, Vepraskas and Bouma (1976) found that 
soil mottling sometimes may be a relict feature. Additionally, Vepraskas and Wilding 
(1983b) have found some Texan soils to have been misclassified due to no <2 chroma 
mottles. They also found some soils to be saturated longer than they were reduced 
and others to be reduced longer than they were saturated (Vepraskas and Wilding, 
1983b). They suggested that due to the indicators often used in distinguishing an 
aquic moisture regime, it should refer to a reducing environment in terms of Fe as 
opposed to 02. Childs and Clayden (1986) also state that the presence of ferrous ions 
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in soil is a useful indicator of the absence of oxygen in saturated soils. Childs, (1981) 
reported that a test of a,a’-dipyridyl will not be positive if ferrous ions have been 
removed from the soil. They also recognized that some soils may remain oxidized 
while saturated. Additionally, Crompton (1952) cautioned against the use of low 
chroma colors for the prediction of saturation in sandy soils and Blume and Schlicting 
(1985) warned against their use in soils rich in reductants. 
The removal of vegetation has been shown to affect water table levels. Lyford 
(1964) has documented the rise of water tables subsequent to the removal of forest 
canopies. In such cases the morphological indicators often associated with long term 
saturation and reduction may not be present. Also, the definition of an aquic moisture 
regime includes reducing conditions during the growing season. Lyford (1964) 
observed soil organic matter in groundwater seepage during freezing periods. 
Pickering and Veneman (1984) and Megonigal et al. (1993) concluded that 
temperatures during the nongrowing season remain warm enough to allow for 
microbial reduction. Thus, indicating that reducing conditions and formation of low 
chroma colors may occur during the nongrowing season. 
To address many of the problems associated with the aquic moisture regime 
the Soil Survey Staff (1992) has adopted the use of aquic conditions. Keys to Soil 
Taxonomy now uses aquic conditions to substitute for; the aquic moisture regime, 
mottles with chromas of 2 or less, and characteristics associated with wetness 
(Vepraskas, 1992). A synopsis of Vepraskas’ (1992) description of the methods used 
to address the aquic moisture regime problem follows: 
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Aquic conditions should be identified by determining three separate properties 
for every soil series: (1) depth of saturation, (2) occurrence of reduction, and (3) 
presence of redoximorphic features. Redoximorphic features include Fe nodules and 
mottles (masses) that form in the soil by the reduction, translocation, and oxidation of 
Fe or Mn oxides. 
Saturation 
A horizon is considered saturated when the pressure head is greater than -1 
kPa. At these pressures water will flow from the soil matrix into unlined auger holes. 
The use of auger holes for this determination in clayey soils may be inaccurate or 
misleading when only macropores are filled with water, because the soil matrix may 
remain unsaturated. Therefore, tightly sealed pieziometers or tensiometers are 
recommended to confirm saturation. 
Three types or patterns of saturation are defined: 
1. Endosaturation occurs in soils periodically saturated in all horizons that lie 
between the upper boundary of saturation and a depth of 2 m. 
2. Episaturation occurs in soils having "perched" layers of saturation. The soil 
is periodically saturated in one or more horizons that overlie one or more 
unsaturated horizons within 2 m of the surface. If the bottom of the 
saturated horizons extend below a depth of 2 m, then endosaturation is 
present, even if unsaturated horizons occur below the saturated horizons. 
3. Anthric saturation is similar to episaturation except that saturation is 
produced by controlled flooding for wetland rice or cranberries. 
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Saturation can occur at any time during the year, not just during the growing 
season or when the soil temperature exceeds 5° C. Saturation is not required for 
aquic conditions when soils are artificially drained. 
Reduction 
Reduction is now considered to require the reduction of Fe rather than simply 
the depletion of oxygen. Any method that indicates the presence of reduced Fe is 
considered suitable for assessing reduction. 
Redoximorphic Features 
Mottles and low chroma colors were replaced in the 1991 version of the Soil 
Taxonomy Keys by redoximorphic features. These features are formed by the 
processes of reduction, translocation, and oxidation of Fe and Mn oxides. "Mottles" 
technically include carbonate accumulations, organic stains or other concentrations 
that not always indicated saturation and reduction. Redoximorphic features on the 
other hand are the result of reduction and oxidation of Fe and Mn compounds in 
seasonally saturated soils. 
The following kinds of redoximorphic features have been identified for use in 
profile descriptions: 
1. Redox concentrations. Bodies of apparent accumulation of Fe-Mn oxides. 
These include nodules, concretions, masses, and pore linings. 
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2. Redox depletions. Bodies of low chroma (<2) having values of 4 or more 
where Fe-Mn oxides alone have been stripped out or where both Fe-Mn 
oxides and clay have been stripped out. These include iron depletions and 
clay depletions. 
3. Reduced matrices. Soil matrices that have a low chroma color in situ 
because of the presence of Fe(ll), but whose color change in hue or 
chroma when exposed to air as the Fe(ll) is oxidized to Fe(lll). 
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CHAPTER 4 
METHODS AND MATERIALS 
Hydrosequences of three different landforms were monitored for groundwater 
depths, soil temperatures, redox potential, soil moisture potential, dissolved oxygen, 
and ferrous iron and total iron content of groundwater. These primary sites were also 
examined for soil morphology and vegetation indexes. This project was conducted 
within the New England Regional Soils Monitoring Project (NERSMP) of the Plant and 
Soils Science Department, University of Massachusetts, Amherst. The site numbering 
system for the NERSMP is maintained in this thesis. 
4.1 Study Area 
The town of Monson, Massachusetts is 27 km from Springfield, Massachusetts, 
64 km from Worcester, Massachusetts and 125 km from Boston, Massachusetts. It is 
located at the western edge of the central Massachusetts uplands and has an area of 
11622.69 ha (Fig. 6). Elevations of the town range from 97 meters above sea level 
(masl) to 374 masl. The ridges and valleys lie in a north-south direction and the town 
is bisected by one main valley. Various till, outwash, glacial lake bottom, and alluvial 
deposits occur throughout the town. 
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Fig. 6. Location of study area. 
4.2 Site Selection 
One of each of a till slope, outwash plain and terrace deposit were selected as 
primary sites (Table 3). Secondary sites of similar landforms were selected throughout 
the town. At the secondary sites only the soil morphology and vegetation were 
evaluated, no monitoring took place. To minimize possible causes of variation in soil 
properties throughout a hydrosequence, care was taken that each transect 
representing primary or secondary sites was composed of only one parent material 
type. Specific monitoring sites were located within the poorly or very poorly drained, 
somewhat poorly drained, and moderately well or well drained drainage classes as 
defined by the U.S. Army Corps of Engineers(USACOE) (1991a). 
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4.3 Monitoring Instruments 
Groundwater monitoring wells were constructed of 3.8 cm diameter PVC piping. 
The above ground portion of the monitoring well down to at least the lower limit of the 
A or O horizon was unperforated. The lower portion of the well was slotted and 
wrapped with Typar fabric by Dupont. Wells were capped with a #9 rubber stopper 
equipped with a pressure release hole. Well holes were made with a 7.5 cm diameter 
bucket auger, excavated soil material was backfilled into the void and bentonite was 
placed within the upper 10 cm to prevent entry of surface water into the borehole. 
Well depths varied between 95 and 180 cm. Depth of installation generally was 
affected by encountering extreme resistance or sloughing of borehole walls. Water 
levels were measured with an audible indicator constructed by Plant and Soil Science 
Department personnel. This indicator beeps when the two leads are connected by 
contact with water. Levels were recorded as depth or height from the ground surface. 
Soil and air temperatures were measured at the somewhat poorly drained sites. 
Soil temperatures were measured with thermistor probes installed at depths of 25 cm 
and 50 cm, respectively. Air temperatures were determined with a thermistor probe 
held in the air at an approximate height of 0.5 m above the ground level. The 
thermistors were connected to a digital thermometer. Precipitation records were 
obtained from the Palmer Municipal Waste Water Treatment Plant, located 
approximately 10 km from the center of Monson. 
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Redox electrodes were constructed according to methods described by 
Vepraskas and Bouma (1976) and installed at depths of 30 cm, 45 cm, and 60 cm and 
within 10 cm of a salt bridge. Salt bridges were constructed according to Veneman 
and Pickering (1983). Redox potentials were measured with a calomel electrode 
connected to a Fluke 77/AN multimeter. Redox potentials were corrected according to 
Bates (1973). Tensiometers were constructed following instructions by the 
manufacturer (Soil Moisture Equipment) and the devices were installed at 30 cm, 45 
cm, and 60 cm depths, respectively. A 30% methanol/water solution was used in the 
tensiometers during freezing periods. Correction for density of the solution in 
comparison to pure water was not needed (Gordon, 1994). Redox electrodes and 
tensiometers were located within 3 m of the monitoring wells. A YSI 5740 Dissolved 
Oxygen Probe, affixed with a standard membrane, connected to a YSI 50B Dissolved 
Oxygen Meter was used to measure water temperature and dissolved oxygen content. 
Measurements were taken after calibration in a water saturated environment in the 
field and following purging of the well twice. Wells with a minimal water depth and/or 
slow infiltration rates were not included in the measurements. Water samples for 
ferrous and total iron content were obtained by siphoning of the well water after 
measurement of dissolved oxygen. Samples were stored in a cool dark environment 
until analysis. 
4.4 Monitoring Schedule 
Groundwater levels and dissolved oxygen content, redox potential, matric 
potential, and soil temperature were measured biweekly during the months of 
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December, January, February, June, July, and August, and weekly during March, April, 
May, September, October, and November for a period of two years. Monitoring was 
performed between 5 am and 12 noon. Groundwater ferrous and total iron contents 
were measured for one growing season at the time of well monitoring. Observations 
of bud break/leaf emergence as well as leaf color change/drop were made during 
spring and fall respectively and were used to determine the vegetative growing 
season. 
4.5 Methods of Analysis 
4.5.1 Soils 
Soil pits were excavated to a minimum depth of 1 m, exceptions to this 
occurred at some very poorly and poorly drained sites in which water levels rose 
quickly. Soils were described in detail at each primary and secondary site using 
standard methods and terminology (Soil Survey Staff, 1981). Soil characterization of 
primary sites included particle size analysis (3A)*, bulk density (4A1b), pH (8c1a,c,e), 
cation exchange capacity (5A3), base saturation (5C), extractable bases (5B/AA), Fe 
and Al extraction (6C5/AA), and Fe, Al, and Mn extraction (6C2/AA). Exchangeable 
acidity was determined using a modified BaCI2-triethanolamine method described by 
Peech et al. (1962). The Modified Mebius Procedure (Nelson and Sommers, 1982) 
was used to measure organic carbon content. Ferrous and total Fe content of 
Numbers in parenthesis refer to methods as described in Soil Survey Staff (1972). 
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groundwater were determined using methods 8146 and 8008, respectively, as 
described by HACH (1992). 
4.5.2 Vegetation 
Characterization of vegetation utilized methods listed in the 1989 Wetland 
Delineation Manual (Federal Interagency Committee for Wetland Delineation, 1989), 
specifically, step 9 of the comprehensive method. Each stratum (herb, shrub, sapling, 
and tree) was evaluated for dominants. Dominant species for each stratum were 
those that when ranked in descending order and cumulatively totaled, immediately 
exceeded fifty percent of the total cover or basal area for that stratum, plus any 
additional species comprising twenty percent or more of the total cover or basal area 
of the stratum. For example, a stratum with 5 species (A, B, C, D, and E,) with 
respective covers of 5, 1, 2, 3, and 4 percent, the total percent cover of the strata is 
15. Fifty percent of the total cover is 7.5 percent and twenty percent of the total cover 
is 3 percent. Ranked in descending order, the species are A (5%), E (4%), D (3%), C 
(2%), and B (1%). Therefore when totaled, species A and E immediately exceed fifty 
percent of the total cover and are dominants. Additionally, species D (3%) comprises 
20 percent of the total cover and is also considered a dominant. "Upland" and 
"wetland" plot sizes corresponded to the width of the "transitional" (somewhat poorly 
drained) plot. The plot size of individual transects varied according to the width of the 
transitional soil. The herb stratum was characterized by visually estimating percent 
cover within 1 m2 subplots of each study plot. The number of 1 m2 subplots was 
determined by constructing a species area curve and ceasing sampling when the 
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curve flattened. In this way, more than 90 percent of the herb species should be 
represented in the samples. For each plant species sampled, the average percent 
cover was determined by summing the percent cover for all subplots within the study 
plot and dividing by the total number of subplots. The shrub and sapling strata were 
characterized by estimating percent cover of each study plot. The tree stratum was 
characterized using basal area. Nomenclature of plant species follows the National 
List of Scientific Plant Names (USDA-SCS, 1982) and the indicator status of species is 
according to Reed (1988). 
4.6 Statistical Analysis 
CANOCO (ter Braak, 1992), more specifically, canonical correspondence 
analysis (CCA) was used to evaluate the distribution of species that were observed at 
more than one study plot, relative to four environmental variables: parent material, A 
horizon texture, B horizon texture, and soil drainage class. CCA is a multivariate 
direct gradient analysis technique. The technique identifies an environmental basis for 
community ordination by detecting the patterns of variation in community composition 
that can be explained best by the supplied environmental variables. The output occurs 
in two forms, a numeric table and an ordination diagram. 
The numeric table includes but is not limited to eigenvalues and 
species-environment correlations. An eigenvalue is a measure of the strength of an 
ordination axis. The species-environmental correlations are a measure of how well the 
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extracted variation of the community composition can be explained by the 
environmental variables. 
The ordination diagram represents species and sites by points and 
environmental variables by arrows. The coordinates of species, sites, and 
environmental variables are represented by their scores on the first two ordination 
axis. The diagram allows for a visual approximation of how the species are distributed 
along an environmental variable. In addition, the importance of an environmental 
variable may be surmised by its length (the longer the arrow the more important the 
variable in the overall distribution of the community vegetation). The importance of the 
variable may also be obtained by observing the intraset correlations. The 
environmental variables with larger correlations with an individual axis explain the 
general trend or basis of the community distribution along that axis. The site and 
species points represent the general distributional patterns that can be explained by 
the environmental variables. Each site point is located at the center of the weighted 
averages of species which are found at that site. The species location along an 
environmental arrow represents that species optimum in regards to that variable, as 
calculated with the available data. Therefore we can infer as to which species are 
more prevalent in regards to an environmental variable. For example, an arrow 
representing the thickness of the A horizon (A1), allows one to infer which species 
occurred in areas with thicker or thinner A horizons. To determine a species relation 
to a variable, a perpendicular line must be dropped from the species point to the 
variable of concern (remember the environmental arrow actually extends through the 
origin) (Fig. 7). The head of the arrow represents the highest values of the variable. 
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For example, the head of the arrow for thickness of a soil horizon, as measured in cm, 
represents thicker horizons. A species located near the head has a higher weighted 
average than a species located near the tail of the arrow. Inspecting Fig. 7, it can be 
Fig. 7. Ordination diagram based on canonical correspondence analysis of 
dune meadow vegetation with respect to five environmental values (arrows): 
Thickness of the A1 horizon (A1); moisture content of the soil scored on a 
five point scale (MOISTURE); quantity of manure scored on a five point 
scale (MANURE); agricultural use with three classes, hayfield, haypasture, 
and pasture; management regime with four classes, standard farming (SF), 
bio-dynamic farming (BF), hobby farming (HF), and nature management 
(NM). To prevent crowding some environmental variables are not labeled. 
Species are represented by (•) and the first three letters of their genus and 
species names (ter Braak, 1992). 
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inferred that Potentilla pa/ustris (Pot pal) was found more commonly in areas which 
had thicker A horizons and Achillea millefolium (Ach mil) was found more commonly 
in areas with thinner A horizons. Similar interpretation is used for nominal variables 
such as hydric status, where 0 = nonhydric and 1 = hydric or categorical values, such 
as soil texture (1 = sil, 2 = I, 3 = fsl, ...). In addition, the likelihood of a species 
occurring elsewhere in the ordination diagram decreases further away from the 
plottedpoint, i.e. the species point is the calculated optimum for that species in regards 
to the supplied environmental variables. For a more detailed discussion of CANOCO 
and CCA see ter Braak (1986, 1987) and ter Braak and Prentice (1988). 
The herb, shrub, sapling, and tree strata of all sites were investigated for 
distributional variation. Parent material (PM), drainage class (DC), A horizon texture 
(ATEX), and B horizon texture (BTEX) were the environmental variables of concern. 
PM was recorded as nominal variables; till (TILL), outwash (OUT), and terrace (TER). 
DC, ATEX and BTEX were scaled categorical variables. The species abundance 
values were obtained from the characterization of vegetation as discussed in section 
4.5.2. 
SYSTAT (1993) was used to correlate soil morphology and indicators of 
morphology to hydrology as well as perform regression and ANOVA of various soil 
characteristics. Hydrologic characteristics were calculated as percent time and 
number of weeks a particular depth was saturated either during the growing season or 
during the entire duration of monitoring. In addition, the percent horizon saturation for 
growing season and nongrowing season was calculated. 
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CHAPTER 5 
RESULTS AND DISCUSSION 
5.1 Climate 
Temperatures measured at 25 cm showed greater reaction to short-term air 
temperature fluctuations than the 50 cm temperatures (Figs. 8-11). Additionally, the 
temperatures at 25 cm increased more rapidly during the spring and decreased more 
quickly in fall, than the temperatures at 50 cm. The smallest fluctuation of 
temperatures occurred at site MA015.2 in which the coolest maximum summer 
temperature (15.5° C) and the warmest minimum winter temperature {2.1° C) was 
recorded (Table 4). This may be attributed to the eastern aspect, closed canopy and 
dense understory of this site. MA012.2 temperatures fluctuated the most and 
contained the warmest summer temperature (18.9° C) and the coldest winter 
temperature (0.1° C). The very low slope and the lack of a closed canopy at this site 
allow for greater amounts of solar energy to penetrate the soil during the day. 
Conversely, the lack of a closed canopy and the absence of dense undergrowth allow 
for an increase in radiational cooling during winter months. 
To investigate the variability of growing seasons, soil temperatures were 
measured at the primary sites. The growing season as defined by Soil Survey Staff 
(1992) occurs when the soil at a depth of 50 cm is at or above 5° C. A predominant 
proportion of budswell and/or emergence of vegetation at an individual site was 
considered to be an indicator of the start of the vegetative growing season. Similarly, 
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1992 1993 
Fig. 8. Site MA012.2 air and soil temperatures (°C) at two depths. 
Fig. 9. Site MA014.2 air and soil temperatures (°C) at two depths. 
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Fig. 10. Site MA015.2 air and soil temperatures (°C) at two depths. 
1992 1993 
Fig. 11. Site MA016.2 air and soil temperatures (°C) at two depths. 
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Table 4. Maximum summer, minimum winter, and mean annual soil 
temperature (°C) at 25 cm and 50 cm recorded at each primary site. 
Site Depth 
(cm) 
Maximum 
Summer 
Temperature 
(°C) 
Minimum 
Winter 
Temperature 
(°C) 
Mean Annual 
Soil 
Temperature 
(°C) 
MA012 25 21.6 -1.1 10.2 
50 18.9 0.1 10.1 
MA014 25 19.3 0.8 9.7 
50 17.5 2.6 10.1 
MA015 25 17.0 1.0 8.8 
50 15.5 2.7 9.0 
MA016 25 18.1 0.6 9.1 
50 16.1 2.1 9.2 
the end of the vegetative growing season was indicated by a predominance of leaf 
color change and/or herbaceous senescence within the site. The frost free season 
and the frost free season + two weeks as determined by USDA (1989), the Soil 
Taxonomy defined growing season, and the growing season as determined by 
vegetation observations are listed in Table 5. The USDA indicates the frost free 
season in five out of ten years to occur between April 23 and October 12, a frost free 
(>28°) season of 172 days. The freeze date plus two weeks is from April 9 to October 
26, 200 frost free days. The growing season as defined by soil temperature was the 
longest, with an average over all primary sites of 242 days. The start of the average 
vegetative growing season of each primary site began within 6 days of the soil growing 
season for each respective site. The end of the vegetative seasons occurred 
approximately 2 months earlier than the soil defined growing season and between the 
dates of the SCS frost free season and the frost free season + two weeks (Table 5). 
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Differences among growing season dates, determined by vegetation 
emergence/die-off within transects was minimal. This could be attributed to the short 
distances and minimal elevation changes between individual sites. Therefore, a single 
frost would likely affect all sites simultaneously, which was observed at most sites. 
Shallow rooted herbaceous species at the wetter sites often began to emerge first, 
whereas more deeply rooted species would be experiencing budswell at the better 
drained sites first. 
Table 5. Growing season, frost free season, and frost free season + 2 weeks for 
primary sites. Growing season dates were obtained according to Soil Taxonomy 
(Soil Survey Staff, 1992) criteria and by the observation of vegetation emergence, 
bud break, and die off. Frost free season and frost free + 2 weeks obtained from 
US DA (1989). 
Site Year Soil 
Taxonomy 
Vegetation Frost Free 
(28°) 
+ 2 weeks 
MA012.2 1992 4/24-12/5 4/10-10/9 4/23-10/12 4/9-10/26 
1993 4/15-12/5 4/21-10/8 4/23-10/12 4/9-10/26 
Mean 4/20-12/5 4/16-10/8 4/23-10/12 4/9-10/26 
MA014.2 1992 4/10-12/28 4/16-10/9 4/23-10/12 4/9-10/26 
1993 415-12-20 4/21-10/15 4/23-10/12 4/9-10/26 
Mean 4/13-12/16 4/19-10/12 4/23-10/12 4/9-10/26 
MA015.2 1992 4/10-12/18 4/10-10/9 4/23-10/12 4/9-10/26 
1993 4/15-12/20 4/21-10/8 4/23-10/12 4/9-10/26 
Mean 4/13-12/16 4/17-10/8 4/23-10/12 4/9-10/26 
MA016.2 1992 4/10-12/5 4/12-10/9 4/23-10/12 4/9-10/26 
1993 4/15-12/20 4/15-10/8 4/23-10/12 4/9-10/26 
Mean 4/13-12/12 4/13-10/8 4/23-10/12 4/9-10/26 
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5.2 Hydrology 
Water tables were measured at 13 sites (4 transects) and precipitation records 
were obtained at the Palmer Waste Water Treatment Plant. The results are presented 
in Figs. 12 through 16. It is evident that water tables in different landforms varied in 
regards to period of saturation and fluctuation patterns. Vertical drainage at the till site 
was impeded by the presence of a hardpan. Drainage occurred as horizontal 
movement of water downslope (Fig. 15). As the lateral drainage began in the upland 
well (MA015.3) fluctuations at MA015.2 and MA015.1 water tables were reduced. The 
upland well exhibited significant fluctuations in water table levels whereas the midslope 
and wetland wells exhibit a diminished and practically nonexistent fluctuation, 
respectively. In contrast to these characteristics, the transects which do not have 
1992 1993 
Fig. 12. Weekly precipitation recorded at the Palmer Waste Water 
Treatment Plant. 
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1992 1993 
Fig. 13. Water table levels (cm) of all wells at site MA012. The well at station 
MA012.3 is 125 cm deep. 
Fig. 14. Water table levels (cm) of all wells at site MA014. 
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1992 1993 
Fig. 15. Water table levels (cm) of all wells at site MA015. 
Fig. 16. Water table levels (cm) of all wells at site MA016. The well at station 
MA016.4 is 120 cm deep and was dry for the entire monitoring period. 
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a hardpan, terrace and outwash, do not exhibit these patterns (Figs. 13,14, and 16). 
The water tables within these transects reacted similarly and vertical drainage 
appeared dominant. 
Period of soil saturation for 15 cm, 30 cm, and 45 cm depths (noncapillarity) 
during growing season was determined (Tables 6-9). Sites MA012.1, MA012.2, 
MA014.1, MA014.2, MA015.1, MA016.1, and MA016.2 experienced saturation within 
15 cm for a significant period. Saturation within 15 cm at MA012.2 occurred during 
one growing season and lasted for a period of 3 weeks. Sites MA012.3, MA014.3, 
MA015.3, MA016.3, and MA016.4 did not experience saturation within 30 cm of the 
soil surface for any significant period. Saturation within 30 cm at MA012.2 occurred 
during one growing season and lasted 4 weeks. MA015.3 and MA016.4 were the only 
sites not to exhibit soil saturation within 45 cm during the study period. Saturation 
within 45 cm of sites MA012.3 and MA014.3 occurred during one growing season and 
lasted 3 and 2 weeks, respectively. 
5.3 Soil Characteristics 
5.3.1 Physical Properties 
Particle-size analysis was performed on A and B horizons within 60 cm of the 
soil surface (Appendix B). Outwash and till soils’ texture ranged from medium to 
coarse. Overall, the stream terrace soils displayed the finest textures, ranging from 
silt loams to fine sandy loams. Patterns of textural distributions with depth or drainage 
class were not evident. 
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Table 6. Period of soil saturation within 45 cm, 30 cm, and 15 cm during the 
growing season at site MA012. Growing season is defined by the Soil 
Survey Staff (1992). 
Site Year # Wks. 
growing 
season 
# 
Wks. 
w/in 
45 
cm 
% 
Sat. 
w/in 
45 
cm 
# 
Wks. 
w/in 
30 
cm 
% 
Sat. 
w/in 
30 
cm 
# 
Wks. 
w/in 
15 
cm 
% 
Sat. 
w/in 
15 
cm 
MA012.1 1992 28 15 58 12 46 12 46 
1993 32 14 44 11 34 10 31 
MA012.2 1992 28 4 14 0 0 0 0 
1993 32 5 16 4 13 3 9 
MA012.3 1992 28 0 0 0 0 0 0 
1993 32 3 9 0 0 0 0 
Table 7. Period of soil saturation within 45 cm, 30 cm, and 15 cm during the 
growing season at site MA014. Growing season is defined by the Soil 
Survey Staff (1992). 
Site Year # Wks. 
growing 
season 
# 
Wks. 
w/in 
45 
cm 
% 
Sat. 
w/in 
45 
cm 
# 
Wks. 
w/in 
30 
cm 
% 
Sat. 
w/in 
30 
cm 
# 
Wks. 
w/in 
15 
cm 
% 
Sat. 
w/in 
15 
cm 
MA014.1 1992 31 31 100 31 100 31 100 
1993 32 32 100 32 100 32 100 
MA014.2 1992 30 30 100 19 63 3 10 
1993 32 32 100 31 97 6 19 
MA014.3 1922 31 2 3 0 0 0 0 
1993 32 0 0 0 0 0 0 
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Table 8. Period of soil saturation within 45 cm, 30 cm, and 15 cm during the 
growing season at site MA015. Growing season is defined by the Soil 
Survey Staff (1992). 
Site Year # Wks. 
growing 
season 
# 
Wks. 
w/in 
45 
cm 
% 
Sat. 
w/in 
45 
cm 
# 
Wks. 
w/in 
30 
cm 
% 
Sat. 
w/in 
30 
cm 
# 
Wks. 
w/in 
15 
cm 
% 
Sat. 
w/in 
15 
cm 
MA015.1 1992 31 31 100 31 100 31 100 
1993 31 31 100 31 100 28 90 
MA015.2 1992 31 27 87 1 3 0 0 
1993 31 23 74 5 13 0 0 
MA015.3 1992 31 0 0 0 0 0 0 
1993 31 0 0 0 0 0 0 
Table 9. Period of soil saturation within 45 cm, 30 cm, and 15 cm during the 
growing season at site MA016. Growing season is defined by the Soil 
Survey Staff (1992). 
Site Year # Wks. 
growing 
season 
# 
Wks. 
w/in 
45 
cm 
% 
Sat. 
w/in 
45 
cm 
# 
Wks. 
w/in 
30 
cm 
% 
Sat. 
w/in 
30 
cm 
# 
Wks. 
w/in 
15 
cm 
% 
Sat. 
w/in 
15 
cm 
MA016.1 1992 30 30 100 27 90 26 87 
1993 31 26 84 19 61 19 61 
MA016.2 1992 30 30 100 30 100 26 87 
1993 31 26 84 23 74 16 52 
MA016.3 1992 30 10 33 1 3 0 0 
1993 31 11 35 0 0 0 0 
MA016.4 1992 30 0 0 0 0 0 0 
1993 31 0 0 0 0 0 0 
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Bulk densities were calculated for A, B, and C horizons and are presented in 
Appendix B. Soil conditions at sites MA012 and MA014.3 did not permit the analysis 
of bulk density. Densities ranged from 1.02 Mg m'3 of the MA016.2 A horizon to 1.7 
Mg m'3 of the MA014.1 Cg horizon. Bulk densities generally increased with depth at 
the sampled sites. 
5.3.2 Chemical Properties 
Cation exchange capacity, extractable bases, percent base saturation, 
exchangeable acidity, extractable Fe and Al, and organic carbon contents were 
determined for all mineral horizons within 60 cm (Appendix B). No significant (P < .01) 
differences of these properties were found between parent materials, drainage class or 
drainage class within parent materials. 
5.3.3 Soil Morphology 
Four chroma indexes (Cx) were calculated for each horizon (Appendix C). 
They were calculated as follows: 
Cl = (matrix chroma)x(matrix abundance) + (mottle colora)x(mottle abundance,) + (mottle 
colorb)*(mottle abundanceb*) + .. (Evans and Franzmeier, 1988) 
C3 = (matrix chroma)x(matrix abundance) 
C4 = (mottle color < 2a)*(mottle abundancea)+ (mottle color < 2b)*(mottle abundanceb) + .. 
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C5 = (mottle color > 2a)*(mottle abundancea)+ (mottle color > 2b)*(mottle abundanceb) + .. 
*where an abundance of few = 0.01, common = 0.11, many = 0.35. 
Correlations were made between these indexes and the percent time all 
horizons were saturated and the percent time B horizons were saturated. The 
correlations of Cl and C3 to the percent time B horizons were saturated during the 
growing season were the highest of all correlations checked (Table 10). Low to 
moderate correlations were obtained when comparing the indexes to the percent time 
all horizons were saturated during the growing season. These low correlations are 
attributed to the interference caused by the high organic matter contents of the A 
horizon masking the particle colors. In addition, the presence of coarser C horizons 
and lack of an energy source for microbial processes would inhibit the development of 
an anaerobic environment in this horizon during periods of saturation. Therefore, 
higher chroma colors would be present in a saturated environment. 
Table 10. Correlation coefficients of the percent time all A, B, and C 
horizons were saturated and the percent time all B horizons were 
saturated to four chroma indexes. 
Cl C3 C4 C5 
A, B, and C horizons -0.423 -0.371* 0.486 -0.187 
B horizons -0.588 -0.576** 0.269 0.032 
* Significant at .01 level 
‘‘Significant at .005 level 
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Plotting matrix chroma against the percent time that a horizon was saturated 
during the growing season resulted in a distinctive pattern (Fig. 17). In general, matrix 
chroma decreased with increased periods of saturation. Outliers (X) are attributed to 
the interference caused by the high organic matter contents of the A horizon masking 
the particle colors and/or the presence of coarser C horizons and lack of an energy 
source for microbial processes. Average percent mottling of a horizon increased with 
the percent of time the horizon was saturated unless the horizon was saturated for 
more than 50% of the time (Fig. 18). When a horizon is rarely saturated or for only 
short durations, substantial reduction and translocation of iron does not occur, 
therefore few depletions or concentrations have the opportunity to form. Inversely, 
when a horizon is saturated and reduced for significant periods, iron is reduced and 
solubilized. This generally results in the development of a matrix with a uniform 
chroma. Moderate saturation results in significant, but not long term, periods of 
reduction and/or oxidation. A highly mottled horizon results from the periodic removal 
and deposition of iron within the horizon. 
The drainage class of a soil affected the maximum rooting depth of the 
vegetation (Fig. 19). Rooting depth in moderately well drained soils averaged 75 cm, 
in somewhat poorly drained soils 58 cm, and poorly and very poorly drained soils 
averaged less than 40 cm. 
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Fig. 17. Relation of horizon matrix chroma to the percent 
time of horizon saturation during the growing season. 
Outliers (X) are attributed to the interference caused by 
high organic matter content or the presence of coarser C 
horizons. 
Fig. 18. Distribution of percent horizon mottling in relation to 
period of horizon saturation during the growing season. 
67 
Fig. 19. Average maximum rooting depth (cm) observed in very poorly, 
poorly, somewhat poorly, and moderately well drained drainage 
classes. 
5.4 Soil Physical and Chemical Environment 
5.4.1 Soil Water Potential 
Soil water potentials at 30 cm, 45 cm, and 60 cm were measured at all primary 
sites (Figs. 20-32). Potentials exhibited expected variations and patterns. Upland 
sites generally displayed lower (more negative) water potentials than transitional or 
wetland sites. Concurrently, lower potentials were measured at the 30-cm tensiometer 
of each individual site. Water potentials of wetland sites remained positive throughout 
the study period until the beginning of a prolonged dry period during August of 1993. 
Due to the onset of beaver activity in the area of MA014 series of wells, potentials did 
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Fig. 20. Soil water potentials (kPa) at various depths at site MA012.1. Breaks in lines 
indicate periods of no measurement. 
1992 1993 
Fig. 21. Soil water potentials (kPa) at various depths at site MA012.2. 
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1992 1993 
Fig. 22. Soil water potentials (kPa) at various depths at site MA012.3. 
1992 1993 
Fig. 23. Soil water potentials (kPa) at various depths at site MA014.1. 
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Fig. 24. Soil water potentials (kPa) at various depths at site MA014.2. 
1992 1993 
Fig. 25. Soil water potentials (kPa) at various depths at site MA014.3. 
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Fig. 26. Soil water potentials (kPa) at various depths at site MA015.1. 
Fig. 27. Soil water potentials (kPa) at various depths at site MA015.2. 
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1992 1993 
Fig. 28. Soil water potentials (kPa) at various depths at site MA015.3. 
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Fig. 29. Soil water potentials (kPa) at various depths at site MA016.1. Breaks in lines 
indicate periods of no measurement. 
73 
6 
5 
4 
3 
2 
1 
as 0 
Q. 
-* -1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
" 30 cm 
w 45 cm 
• 60 cm 
m ^ 
ji Aflf 
• i m 
■ 
\ 
[ Mi J - \T 
lr_ 
10 11 12 1 3 4 4 6 7 8 9 10 11 1 3 4 5 6 7 8 9 10 11 
1992 1993 
Fig. 30. Soil water potentials (kPa) at various depths at site MA016.2. Breaks in lines 
indicate periods of no measurement. 
Fig. 31. Soil water potentials (kPa) at various depths at site MA016.3. Breaks in lines 
indicate periods of no measurement. 
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Fig. 32. Soil water potentials (kPa) at various depths at site MA016.4. Breaks in lines 
indicate periods of no measurement. 
not respond to the dry period of August 1993. Zero potentials at sites MA012.2 and 
MA012.3 during August 1993 indicate periods when tensiometers emptied. Potentials 
measured at upland sites did not rise above -1 kPa except for an occasional 
measurement during the nongrowing season. In addition to saturation by the free 
water table, a soil is considered saturated if pressures of -1 kPa or greater occur (Soil 
Survey Staff, 1992). Tables 11 through 23 list the number of weeks selected horizons 
were saturated by the free water table and the number of weeks these horizons 
exhibited pressures > -1 kPa. 
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Table 11. Number of weeks individual horizons were saturated during the 
growing season and the number of weeks selected horizons had water 
potentials > -1 kPa during the growing season at site MA012.1. 
Horizon Depth # weeks 
saturated / # weeks 
measured during 
growing season 
# weeks 
> -1 kPa / # weeks 
measured during 
growing season 
Oe 3-0 23/67 
A 0-5 24/67 
Oa 5-29 28/67 
2Ab 29-41 31/67 16/36 
2C 41 + 49/67 21/35 
Table 12. Number of weeks individual horizons were saturated during the 
growing season and the number of weeks selected horizons had water 
potentials > -1 kPa during the growing season at site MA012.2. 
Horizon Depth # weeks 
saturated / # weeks 
measured during 
growing season 
# weeks 
> -1 kPa / # weeks 
measured during 
growing season 
Oi 2-0 2/69 
A 0-33 3/69 
Bw 33-63 10/69 11/50 
2Bw 63-84 24/69 17/49 
2C 84-91 34/69 
3C1 91-113 55/69 
3C2 113+ 69/69 
76 
Table 13. Number of weeks individual horizons were saturated during the 
growing season and the number of weeks selected horizons had water 
potentials > -1 kPa during the growing season at site MA012.3. 
Horizon Depth # weeks 
saturated / # weeks 
measured during 
growing season 
# weeks 
£ -1 kPa / # weeks 
measured during 
growing season 
Oi 2-0 0/69 
A 0-9 0/69 
C 9-13 0/69 
2Ab 13-29 0/69 
2Bw1 29-36 0/69 5/54 
2Bw2 36-80 3/69 9/53 
2C1 80-104 17/69 
2C2 104-129 21/69 
2C3 129+ 23/69 
Table 14. Number of weeks individual horizons were saturated during the 
growing season and the number of weeks selected horizons had water 
potentials > -1 kPa during the growing season at site MA014.1. 
Horizon Depth # weeks 
saturated / # weeks 
measured during 
growing season 
# weeks 
> -1 kPa / # weeks 
measured during 
growing season 
Oal 0-6 4/73 
Oa2 6-25 69/73 
Oa3 25-39 73/73 60/60 
A 39-54 73/73 60/60 
Bw 54-66 73/73 60/60 
eg 66-99+ 73/73 60/60 
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Table 15. Number of weeks individual horizons were saturated during the 
growing season and the number of weeks selected horizons had water 
potentials > -1 kPa during the growing season at site MA014.2. 
Horizon Depth # weeks 
saturated / # weeks 
measured during 
growing season 
# weeks 
> -1 kPa / # weeks 
measured during 
growing season 
Oa 7-0 1/72 
Bwl 0-19 2/72 
Bw2 19-29 44/72 53/53 
Bgl 29-37 66/72 60/60 
Bg2 37-46 72/72 60/60 
Bg3 46-68 72/72 
C 68+ 72/72 
Table 16. Number of weeks individual horizons were saturated during the 
growing season and the number of weeks selected horizons had water 
potentials > -1 kPa during the growing season at site MA014.3. 
Horizon Depth # weeks 
saturated / # weeks 
measured during 
growing season 
# weeks 
> -1 kPa / # weeks 
measured during 
growing season 
Oi 7-4 0/73 
Oa 4-0 0/73 
A 0-20 0/73 
AB 20-38 0/73 2/60 
Bwl 38-65 3/73 47/60 
Bw2 65-88 65/73 
C 88+ 71/73 
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Table 17. Number of weeks individual horizons were saturated during the 
growing season and the number of weeks selected horizons had water 
potentials > -1 kPa during the growing season at site MA015.1. 
Horizon Depth # weeks 
saturated / # weeks 
measured during 
growing season 
# weeks 
> -1 kPa / # weeks 
measured during 
growing season 
Oi 0-8 19/72 
Oa 8-24 67/72 
A1 24-34 69/72 58/59 
A2 34-51 70/72 59/59 
Cg 51-66 72/72 59/59 
Cd 66+ 72/72 
Table 18. Number of weeks individual horizons were saturated during the 
growing season and the number of weeks selected horizons had water 
potentials > -1 kPa during the growing season at site MA015.2. 
Horizon Depth # weeks 
saturated / # weeks 
measured during 
growing season 
# weeks 
> -1 kPa / # weeks 
measured during 
growing season 
Oi 25-20 0/72 
Oal 20-13 0/72 
Oa2 13-0 0/72 
A 0-11 0/72 11/59 
AB 11-28 0/72 49/59 
Bwl 28-43 25/72 56/59 
Bw2 43-67 64/72 
BC 67-89 71/72 
Cd 89+ 72/72 
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Table 19. Number of weeks individual horizons were saturated during the 
growing season and the number of weeks selected horizons had water 
potentials > -1 kPa during the growing season at site MA015.3. 
Horizon Depth # weeks 
saturated / # weeks 
measured during 
growing season 
# weeks 
£ -1 kPa / # weeks 
measured during 
growing season 
Oe 4-0 0/72 
A1 0-6 0/72 
A2 6-20 0/72 
Bwl 20-34 0/72 0/59 
Bw2 34-55 0/72 0/59 
Bw3 55-105 0/72 0/59 
BC 105-133 24/72 
Cd 133+ 55/72 
Table 20. Number of weeks individual horizons were saturated during the 
growing season and the number of weeks selected horizons had water 
potentials > -1 kPa during the growing season at site MA016.1. 
Horizon Depth # weeks 
saturated / # weeks 
measured during 
growing season 
# weeks 
-1 kPa / # weeks 
measured during 
growing season 
Oa 0-16 4/71 
Bwl 16-29 40/71 
Bw2 29-48 56/71 48/58 
BC 48-66 64/71 55/58 
eg 66-95 71/71 
2C 95+ 71/71 
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Table 21. Number of weeks individual horizons were saturated during the 
growing season and the number of weeks selected horizons had water 
potentials > -1 kPa during the growing season at site MA016.2. 
Horizon Depth # weeks 
saturated / # weeks 
measured during 
growing season 
# weeks 
> -1 kPa / # weeks 
measured during 
growing season 
Oi 28-26 0/71 
Oa 26-0 0/71 
A 0-13 22/71 36/50 
Bw 13-35 60/71 50/58 
Cg 35-55 67/71 53/58 
2C1 55+ 71/71 
Table 22. Number of weeks individual horizons were saturated during the 
growing season and the number of weeks selected horizons had water 
potentials > -1 kPa during the growing season at site MA016.3. 
Horizon Depth # weeks 
saturated / # weeks 
measured during 
growing season 
# weeks 
> -1 kPa / # weeks 
measured during 
growing season 
Oa 13-0 0/71 
A 0-12 0/71 
AB 12-27 0/71 5/49 
Bwl 27-42 10/71 36/57 
Bw2 42-56 42/71 47/57 
Bg 56-75 64/71 
Cg 75+ 71/71 
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Table 23. Number of weeks individual horizons were saturated during the 
growing season and the number of weeks selected horizons had water 
potentials > -1 kPa during the growing season at site MA016.4. 
Horizon Depth # weeks 
saturated / # weeks 
measured during 
growing season 
# weeks 
> -1 kPa / # weeks 
measured during 
growing season 
Oi 3-0 0/71 
Ap 0-26 0/71 
Bwl 26-48 0/71 0/58 
Bw2 48-70 0/71 0/58 
BC 70-111 0/71 
C 111 + 0/71 
The usefulness of tensiometers for the measurement of saturation of the finer 
pores within the soil is demonstrated at MA015.2. Although measured groundwater 
levels rarely rose above -60 cm, all water potentials measured at 45 cm, with the 
exception of a few measurements during August 1993, resulted in potentials greater 
than -1 kPa. Additionally, potentials at 30 cm from ground surface were often close to 
saturation. These measures support the soil’s morphology; a thick, dark, organic rich 
topsoil without the presence of a free water table. 
5.4.2 Soil Redox Potential 
Figs. 33 through 45 display the redox potentials of primary sites throughout two 
growing seasons. The pH of soil horizons within 60 cm of the ground surface ranged 
from 4.3 to 5.8 (Appendix B). MA012 redox measurements corresponded to periods of 
saturation with the exception of the 30 cm redox measures at the somewhat poorly 
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Fig. 33. Soil redox potentials, Eh (mV), at various depths at site MA012.1. Breaks 
in lines indicate periods of no measurements. Dashed line indicates range 
between oxidation and reduction for this soil system. 
1992 1993 
Fig. 34. Soil redox potentials, Eh (mV), at various depths at site MA012.2. Breaks 
in lines indicate periods of no measurement. Dashed line indicates range 
between oxidation and reduction for this soil system. 
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1992 1993 
Fig. 35. Soil redox potentials, Eh (mV), at various depths at site MA012.3. 
Dashed line indicates range between oxidation and reduction for this soil 
system. 
Fig. 36. Soil redox potentials, Eh (mV), at various depths at site MA014.1. Breaks 
in lines indicate periods of no measurement. 
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1992 1993 
Fig. 37. Soil redox potentials, Eh (mV), at various depths at site MA014.2. 
Dashed line indicates range between oxidation and reduction for this soil 
system. 
Fig. 38. Soil redox potentials, Eh (mV), at various depths at site MA014.3. 
Dashed line indicates range between oxidation and reduction for this soil 
system. 
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Fig. 39. Soil redox potentials, Eh (mV), at various depths at site MA015.1. 
Dashed line indicates range between oxidation and reduction for this soil 
system. 
Fig. 40. Soil redox potentials, Eh(mV), at various depths at site MA015.2. Dashed 
line indicates range between oxidation and reduction for this soil system 
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Fig. 41. Soil redox potentials, Eh (mV), at various depths at site MA015.3. 
Dashed line indicates range between oxidation and reduction for this soil 
system. 
1992 1993 
Fig. 42. Soil redox potentials, Eh (mV), at various depths at site MA016.1. 
Dashed line indicates range between oxidation and reduction for this soil 
system. 
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Fig. 43. Soil redox potentials, Eh (mV), at various depths at site MA016.2. 
Dashed line indicates range between oxidation and reduction for this soil 
system. 
Fig. 44. Soil redox potentials, Eh (mV), at various depths at site MA016.3. 
Dashed line indicates range between oxidation and reduction for this soil 
system. 
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Fig. 45. Soil redox potentials, Eh (mV), at various depths at site MA016.4. 
Dashed line indicates range between oxidation and reduction for this soil 
system. 
drained MA012.2 and the very poorly drained MA012.1. MA012.2 remained reduced 
for a short period while unsaturated conditions prevailed during the midportion of the 
1992 growing season. Similarly, MA012.1 was reduced during unsaturated conditions 
during the late summer of 1992. These conditions are attributed to the location of the 
30 cm redox probes within the lower limit of a highly, organically enriched A horizon 
and an Oa horizon. 
MA014 pH values ranged from 4.4 to 5.1. The somewhat poorly drained, 
MA014.3 60-cm and 30-cm redox potentials did not correspond with periods of 
saturation. The 60-cm probe indicated oxidized conditions while tensiometry indicated 
frequent saturation during the 1992 growing season and predominant saturation during 
the 1993 growing season. This may be the result of minimal energy source being 
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available for microbial decomposition or the presence of a coarse textured horizon 
allowing sufficient ground water movement through the horizon. The 30-cm probe 
inferred reducing conditions during unsaturated periods. Due to the placement of this 
probe in an unsaturated area the redox potentials may not be correct. Alternatively, 
the location of this probe at the lower boundary of the A horizon may contain a 
sufficient energy source for microbial breakdown to create a reduced environment. 
As with MA014.3, the somewhat poorly drained MA014.2 60-cm potentials indicated 
oxidized conditions during periods of saturation. The 30-cm potentials appear to 
correspond with the free water table levels. These levels fluctuated frequently during 
1992 growing season and less frequently during the 1993 season. However, the 
tensiometers indicate saturation throughout both growing seasons. Redox potentials 
of the very poorly drained MA014.1 indicated a reduced environment throughout the 
study period and exhibited the lowest potentials of the study. A sulfidic smell could 
often be detected at this site while purging the well for dissolved oxygen 
measurements. 
Reduced conditions were indicated by the 45-cm and 30-cm probes of the 
moderately well drained MA015.3 soil. This is inconsistent with free water table levels 
and water potentials which indicated unsaturated conditions for the duration of the 
study. The redox probes may have been affected by the highly oxidized environment 
and may have malfunctioned. The potentials at 60 cm of the very poorly drained 
MA015.2 soil, indicated oxidized conditions in contrast to saturation indicated by 
tensiometers and the presence of a free water table close to 60 cm. This appears to 
be due to the oxidized groundwater being wicked upward, thus maintaining an oxidized 
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environment in the area of the redox probe. The 45-cm probe potentials corresponded 
to saturation as indicated by water potentials. With the exception of the 60-cm probe, 
the very poorly drained MA015.1 redox potentials and saturation complemented each 
other. The 60-cm probe reflects an oxidized surrounding even with free water table 
level never falling below -20 cm except for a brief period during August 1993. This 
probe was found to be located within a coarse sandy layer above a hardpan. Rapid 
groundwater movement and thus maintenance of high dissolved oxygen levels was 
therefore possible. 
The moderately well drained MA016.4 30 cm probe appears to have reacted 
similarly as the MA015.3 45 cm and 30-cm probes. Redox potentials measured at the 
somewhat poorly drained MA016.3 appear to correspond with measured saturation 
periods. Potentials obtained from the 60 cm and 45 cm probes at the very poorly 
drained MA016.2 indicated an oxidized environment throughout the study. The soil at 
these depths were saturated by the free water table during the 1992 and beginning of 
the 1993 growing seasons. It is hypothesized that the 45-cm probe was located within 
a root channel or a macropore which allowed for the rapid movement of groundwater 
past the tip of the probe. These pores and root channels were observed throughout 
this transect. The poorly drained MA016.1 redox potentials indicated oxidized to 
slightly reduced conditions throughout the study period. These measurements appear 
erratic and do not reflect the actual degree of saturation, with the exception of the 
extreme dry period of August 1993. Perhaps the salt bridge may have been defective. 
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Overall, redox appears to be dependent on the period of saturation (Fig. 46). 
Outliers are a result of the probe being located within coarse textured material (+) or 
being located with a highly organically enriched horizon which is nearly, but not 
completely, saturated for significant periods (x). 
Fig. 46. Relation of soil redox potential to period of saturation. Outliers 
are a result of the probe being located within coarse textured 
material (+) or being located within a highly organically enriched 
horizon which is nearly, but not completely, saturated for significant 
periods (x). 
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5.4.3 Dissolved Oxygen and Fe Content 
Groundwater total iron, and ferrous iron concentrations are depicted in Figs. 47 
through 52. Sufficient data were not obtained from wells MA012.1, MA012.3, 
MA014.3, MA015.2, MA015.3, MA016.2, and MA016.4 to plot patterns. The somewhat 
poorly drained MA012.2 iron concentrations rose during the summer and declined 
during fall. Dissolved oxygen concentrations followed an inverse pattern (Fig. 53). In 
general, ferrous iron concentrations paralleled total iron levels. MA014.1 and MA014.2 
exhibited a similar parallel pattern of ferrous and total iron concentrations. The 
somewhat poorly drained MA014.2 does display a decrease in overall concentrations 
late in the growing season. Dissolved oxygen concentrations in MA014.2 and 
MA014.1 decreased through the summer and increased in fall (Fig. 54). The very 
poorly drained MA014.1 produced the highest levels of ferrous and total iron of all 
study sites, upwards of 33 mg/L and 16 mg/L of total and ferrous iron respectively. 
Iron levels were stable during the spring and early summer and increased during early 
fall. The very poorly drained MA015.1 was the only well within the MA015 series 
which produced sufficient water and/or sampling period to monitor iron content. Iron 
content, total and ferrous, at this well was the lowest of all monitored sites. Total iron 
averaged 0.018 mg/L and ferrous iron yielded 0 mg/L except for a one time 
measurement of 0.01 mg/L. Iron levels and dissolved oxygen concentrations remained 
stable throughout the monitoring period. Concentrations of dissolved oxygen at the 
very poorly drained MA015.2 (Fig. 55) decreased during the growing season. 
Dissolved oxygen concentrations at the MA016 sites decreased during mid summer 
(Fig. 56). The somewhat poorly drained MA016.3 averaged 0.01 mg/L total and 0.19 
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Fig. 47. Ferrous iron and total iron concentrations (mg/L) of well water at site 
MA012.2. Breaks in lines indicate periods of no measurement. 
Fig. 48. Ferrous iron and total iron concentrations (mg/L) of well water at site 
MA014.1. 
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Fig. 49. Ferrous iron and total iron concentrations (mg/L) of well water at site 
MA014.2. 
Fig. 50. Ferrous iron and total iron concentrations (mg/L) of well water at site 
MA015.1. 
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Fig. 51. Ferrous iron and total iron concentrations (mg/L) of well water at site 
MA016.1. Breaks in lines indicate periods of no measurement. 
Fig. 52. Ferrous iron and total iron concentrations (mg/L) of well water at site 
MA016.3. Breaks in lines indicate periods of no measurement. 
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Fig. 53. Dissolved oxygen concentrations (mg/L) of well water at sites MA012.1 and 
MA012.2. Breaks in lines indicate periods of no measurement. 
Fig. 54. Dissolved oxygen concentrations (mg/L) of well water at sites MA014.1 and 
MA014.2. Breaks in lines indicate periods of no measurement. 
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Fig. 55. Dissolved oxygen concentrations (mg/L) of well water at sites MA015.1 and 
MA015.2. Breaks in lines indicate periods of no measurement. 
Fig. 56. Dissolved oxygen concentrations (mg/L) of well water at sites MA016.1, 
MA016.2, and MA016.3. Breaks in lines indicate periods of no measurement. 
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mg/L total iron. Ferrous iron content of the poorly drained MA016.1 averaged 0.015 
mg/L and total iron averaged 0.6 mg/L. Total dissolved and ferrous iron 
concentrations did not parallel one another during the monitoring period. MA016.1 
concentrations increased during early summer. 
Correlations of ferrous and total dissolved iron to redox potential over all sites 
were not strong (Table 24). The best correlations occurred at 30 cm. Dissolved 
oxygen and redox correlations over all sites were weak (Table 24), the strongest 
correlations were found at 60 cm. 
Table 24. Correlation coefficients of ferrous iron, total dissolved iron and dissolved 
oxygen concentrations to redox potential. 
Depth (cm) 
Correlation Coefficient 
Fe+2/redox Total Fe/redox DO/redox 
30 -0.525 -0.551 0.351 
45 -0.386 -0.406 0.196 
60 -0.513 -0.517 0.415 
5.5 Vegetation 
5.5.1 Communities 
Dominant species by site and strata are listed in Appendix D. Herbaceous 
species are listed as average quadrant percent areal cover, shrub and sapling species 
by percent cover, and tree species by their total basal area per species. The percent 
FAC or wetter is also included. Eighty-one herbaceous species were identified, of 
99 
which 25 where dominant at one or more sites. Shrub species totaled 23 dominants 
out of a total of 49 species identified. Nineteen species of saplings were identified, of 
which 10 occurred as dominants. Tree species totaled 17, of which 10 were 
dominants. Table 25 lists the common dominant species observed at each of the site 
types ("wetland, "transitional", and "upland") and their percent occurrence at that 
particular site type. Common refers to those species which were observed at more 
than one plot of a particular site type. 
The vegetation at eighty-four percent of the sites (31 of 37) was dominated by 
hydrophytic vegetation (FAC or wetter indicator status). Of wetland, transitional, and 
upland sites 100, 92, and 58 percent were classified as hydrophytic, respectively. 
Application of the FAC-neutral rule resulted in 54 percent of all sites being dominated 
by hydrophytic vegetation. Two wetland sites, 16.1 and SI, had nonhydrophytic 
vegetation (based on the FAC-neutral rule) even though hydric soils and hydrology 
were evident. When FAC or wetter dominant species were counted, these two sites 
met the hydrophytic vegetation criterion. 
5.5.2 Distribution of Species Relative to Soil Properties 
Analysis of vegetational distributions in regards to parent material, A and B 
horizon textures and drainage class varied among strata. Significant results were 
determined for all communities except the shrub strata. The analysis of herbs resulted 
in the highest eigenvalues and strongest species-environment correlations (Table 26). 
Fig. 57 indicates that parent material is the prevalent factor in the distribution of herb 
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species. The intraset correlations (Table 27) support this and show that parent 
material appears to be the predominant control on both Axis 1 and Axis 2. Apparently, 
outwash exhibited little effect on herb distribution. Drainage class and the texture of 
the A horizon appear to have a strong impact on distributions as well. Impatiens 
capensis (IMP CAP), Carex spp. (CAR SPB), Spiraea tomentosa (SPI TOM), 
Euthamia graminifolia (EUT GRA), Polygonum sagittatum (POL SAG) weighted 
averages reflect a preference for wetter, finer textured soils. Prunus serotina 
Table 26. Eigenvalues and species-environment correlations of the first three axis of 
canonical correspondence analysis of the herb, shrub, sapling, and tree strata. 
Strata Eigenvalues Species-environment correlations 
Axis Axis 
1 2 3 1 2 3 
Herb 0.815 0.622 0.515 0.696 0.946 0.826 
Shrub 0.549 0.400 0.357 0.893 0.883 0.807 
Sapling 0.745 0.259 0.248 0.923 0.795 0.644 
Tree 0.795 0.352 0.301 0.946 0.701 0.684 
Table 27. Intraset correlations of the first three ordination 
axis of canonical correspondence analysis of the herb 
stratum. 
Variable 
1 
Axis 
2 3 
A horizon texture (TXA) -561 -281 -584 
Outwash (OUT) 110 -77 636 
Drainage class (DC) -484 -445 81 
B horizon texture (TXB) 18 319 -710 
Till (TILL) -613 496 -244 
Terrace (TER) 605 -504 -443 
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Fig. 57. Ordination diagram based on canonical correspondence analysis of 
the herb stratum with respect to four environmental variables; parent 
material, till (TILL), outwash (OUT), terrace (TER); drainage class (DC); A 
horizon texture (TXA); B horizon texture (TXB). Species are Athyrium fiiix- 
femina (ATH FEL), Carex crinita (CAR CRI), C. spp (CAR SPB), C. spp 
(CAR SPP), Coptis trifolia (COP TRI), Euthamia graminifoiia (EUT GRA), 
Gaultheria procumbens (GAU PRO), grass spp (GRA SPP), Impatiens 
capensis (IMP CAP), Lycopodium complanatum (LYC COM), Osmunda 
cinnamomea (OSM CIN), Pinus strobus (PIN STR), Polygonum saggitatum 
(POL SAG), Potentiiia simplex (POT SIM), Prunus serotina (PRU SER), 
Rubus a/legheniensis (RUB ALL), So/idago caesia (SOL CAE), S. gigantea 
(SOL GIG), S. rugosa (SOL RUG), S. spp (SOL SPP), Sphagnum (SPH 
AGN), Spiraea iatifoiia (SPI LAT), S. tomentosa (SPI TOM), Thelypteris 
novaboracensis (THE NOV), Toxicodendron radicans (TOX RAD), 
Trientalis borealis (TRI BOR), Uvuiaria perfoiiata (UVU PER), Vaccinium 
corymbosum (VAC COR), V. spp (VAC SPL), Viburnum recognitum (VIB 
REC). For clarity, some species used in the analysis are not shown. 
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(PRU SER), Spiraea latifolia (SPI LAT), and Vaccinium angustifolium (VAC SPL) 
were most commonly observed on stream terraces over varying drainage classes. 
Although interpretation of the shrub distribution must be made with caution 
(insignificant P-value), inferences may still be drawn. For instance, drainage class 
appears to have little effect on the distributions (Fig. 58). This is supported, perhaps, 
by examining the occurrence of the shrub’s indicator status in relation to drainage 
class. Fig. 59 depicts the percentage of a shrub’s indicator status within each 
drainage class. In general, a particular indicator occurred with approximately the 
same percentage across drainage classes, especially evident in adjacent classes. 
Interpretation of sapling and tree distribution, although significant, may be 
questionable, due to low numbers of species and occurrences. It appears, however, 
that the environmental variables included in the analysis had little effect on the 
distributions of sapling species (Fig. 60). Similar results, seem appropriately inferred 
from the ordination diagram of tree species (Fig. 61). 
These findings are consistent with Allen et al. (1989), who reported that the 
herb layer best exhibited differences in soil characteristics, and that drainage class 
appeared to be the least influential factor of distribution in regards to the shrub layer. 
Additionally, results of CCA indicate that certain parent materials have variable effects 
on vegetation strata. For instance, outwash has little influence on the herb species, 
but has a greater influence on the distribution of the sapling and tree species. This is 
consistent with Christensen’s et al. (1988) study of soil and vegetation within North 
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Fig. 58. Ordination diagram based on canonical correspondence analysis of 
the shrub stratum with respect to four environmental variables; parent 
material, till (TILL), outwash (OUT), terrace (TER); drainage class(DC); A 
horizon texture (TXA); B horizon texture (TXB). Species are Acer rubrum 
(ACE RUB), Ame/anchier canadensis (AME CAN), A. arborea (AME ARB), 
Cory/us americana (COR AME), Cornus amomum (COR AMO), C. 
racemosa (COR RAC), Ilex verticillata (ILE VER), Kalmia angustifolia (KAL 
ANG), Lindera benzoin (LIN BEN), Lonicera spp (LON SPP), Pinus strobus 
(PIN STR), Populus tremuloides (POP TRE), Aronia me/anocarpa (ARO 
MEL), Quercus alba (QUE ALB), Rhododendron peryclymenoides (RHO 
PER), Rosa spp (ROS SPP), Sa/ix discolor (SAL DIS), Sambucus 
canadensis (SAM CAN), Spiraea latifolia (SPI LAT), Vaccinium 
corymbosum (VAC COR), Viburnum recognitum (VIB REC). For clarity, 
some species used in the anaysis are not shown. 
i 
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55 . 
Very poorly Poorly Somewhat poorly Moderately well 
Drainage class 
■ OBL il FACW g] FAC [.] FACU 
Fig. 59. Indicator status distribution between drainage class (USACOE,1991a) for 
dominant shrub species at 36 sites. 
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Fig. 60. Ordination diagram based on canonical correspondence analysis of 
the sapling stratum with respect to four environmental variables; parent 
material, till (TILL), outwash (OUT), terrace (TER); drainage class (DC); A 
horizon texture (TXA); B horizon texture (TXB). Species are Acer rubrum 
(ACE RUB), Betu/a alleghaniensis (BET ALL), B. populifolia (BET POP), 
Carpinus caro/iniana (CAR CAR), Pinus strobus (PIN STR), Prunus 
serotina (PRU SER), Quercus alba (QUE ALB), Tsuga canadensis (TSU 
CAN). For clarity, some species used in the analysis are not shown. 
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Fig. 61. Ordination diagram based on canonical correspondence analysis of 
the tree stratum with respect to four environmental variables; parent 
material, till (TILL), outwash (OUT), terrace (TER); drainage class (DC); A 
horizon texture (TXA); B horizon texture (TXB). Species are Acer rubrum 
(ACE RUB), Betu/a alleghaniensis (BET ALL), B. populifolia (BET POP), 
Pinus resinosa (PIN RES), Prunus serotina (PRU SER), Quercus alba 
(QUE ALB), Q. rubra (QUE RUB), Tsuga canadensis (TSU CAN). For 
clarity, some species used in the analysis are not shown. 
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Carolina. They concluded that a great deal of variation within plant communities occur 
between soil series and thus parent material. 
Although the distribution of vegetation appears to be dependent upon soil 
properties, attempts at associating this distribution with more detailed characteristics 
failed to produce significant results. This may be attributed to the insignificant 
differences in the various chemical parameters of the soils investigated or interactions 
between the chemical and physical environment. 
5.6 Multiparameter Approach 
5.6.1 Primary Sites 
The following is an overview of each landform in which primary sites were 
located. In addition, each site is discussed relative to the three parameters of the 
multiparameter approach. 
MAPI 2 Outwash 
MA012 sites are located on a gravelly river terrace cut into an outwash plain. 
The sites have a relative elevational drop of 0.68 m within a distance of 28 m. The 
wet site is a vernal pool. The transitional site is located at the edge of this pool and 
the upland site is adjacent to an abandoned access road. A portion of the transitional 
and upland vegetation appears to have been disturbed previously. 
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MAPI2.1 Very poorly drained - Histic Humaquept 
Hydrophytic vegetation, hydric soils and evidence of hydrology were present at 
this site. The dominant vegetation consisted of OBL, FACW, and FAC species, no 
FACU species were present. Hydric soil morphology consisted of the presence of a 
histic epipedon and a low chroma horizon with mottles directly below an A horizon. 
The area exhibited inundation for greater than 10 weeks during each of the monitored 
growing seasons. 
MAPI2.2 Somewhat poorly drained - Oxyaquic Haplumbrept 
Seventy-five percent of the dominants were FAC or wetter. Hydric soil 
indicators were not present, however, water potentials at 30 cm were greater than -1 
kPa during the first few weeks of the 1992 growing season. Additionally, water tables 
were within 15 cm of the soil surface for a period of 3 weeks during the beginning of 
the 1993 growing season and within 45 cm during the 1993 and 1994 growing 
seasons. According to the National Technical Committee for Hydric Soils (NTCHS) 
criteria (Soil Conservation Service, 1991) this soil would be classified as hydric if it 
was frequently saturated within 15 cm of the soil surface. However, a significant 
period of reduction did not occur during the growing season at 45 cm. Soil 
morphology generally agrees with measured parameters. The soils were inundated for 
a short period at the beginning of the 1993 growing season. This area was not 
classified as a wetland. 
IIP 
MAPI2.3 Moderately well drained - Typic Dystrochrept 
This site is dominated by hydrophytic vegetation. The majority of these species 
are FAC, two FACW and one FACU species comprise the remainder of the dominant 
species. The soils are moderately well drained nonhydric and there was no evidence 
of a water table within 40 cm of the ground surface or other indicators of hydrology. 
This area was not classified as a wetland. 
MAPI4 Outwash 
MA014’s hydrosequence is located within a valley train trending in a 
north-south direction. A relative drop in elevation of 0.69 m occurs along this transect 
within a distance of 33.6 m. The upland site is located within the central portion of the 
outwash deposit. The wet site is located toward the edge of the deposit, close to the 
adjoining till ridge. The location of this transect results in a fairly steady flow of ground 
water discharging into an intermittent and perennial stream near the wet site. A 
majority of the area was planted with red pine (Pinus resinosa) approximately forty 
years ago. During the late 197P’s, beaver activity briefly flooded the area killing off the 
planted pines. Beaver activity commenced once again during August 1993. This 
explains why a significant drop in water table levels, noticeable at other sites at this 
time, are not evident at this transect. 
MAP14.1 Very poorly drained - Histic Humaquept 
This site was classified as a wetland. All dominant species at this site are 
FACW. Hydric soil morphology is present and water tables were within 39 cm of the 
ground surface during one hundred percent of the monitored growing seasons. The 
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presence of an olive-brown (2.5Y4/4) Bw horizon immediately below the A horizon 
does not represent expected morphology, since this horizon was saturated for the 
duration of the study. In addition, redox potentials within the top portion of and just 
below this horizon indicate reduced conditions during the entire study period. This 
well site exhibited the highest ferrous and total iron contents of all monitored sites. 
Brimfield Schist, the source of the outwash material, may be the basis for these high 
iron concentrations. In addition, the location of this site at a groundwater discharge 
point would be the focus of soluble iron moving with the ground water. The bright, 
oxidized appearance of this horizon may be attributed to the high concentrations 
(perhaps near saturation of the ground water) of iron in the groundwater. At these 
levels the microbial activity may not be sufficient to reduce all iron which is present. 
Bright yellowish-red (5YR5/8) iron precipitate may be seen in surface pools close by 
as well as oxidized iron streaming from drainage ways into the adjacent stream. 
MAPI4.2 Somewhat poorly drained - Aerie Endoaquept 
Hydrophytic vegetation was predominant at this site, no dominant FACU 
species were present. Three of the four dominants are pioneering FAC species. 
Hydric soil morphology or evidence of hydrology was not present at this site. The soil 
morphology does indicate periods of saturation within 30 cm (confirmed by measured 
hydrology). Common low and high chroma mottles occur within the Bw2 horizon but 
not within 15 cm, the required depth for somewhat poorly drained soils. This site was 
classified as a nonwetland. 
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MA014.3 Somewhat poorly drained - Aquic Udorthent 
This site was classified as a nonwetland. Seventy-five percent of the dominant 
species at this site are FAC or wetter. By applying the FAC neutral rule, a 
nonhydrophytic classification results. The soil exhibited expected nonhydric 
morphologies and there was no evidence of hydrology. 
MAPI 5 Till 
MA015 transect is located on an easterly facing till ridge. The upland and 
wetland wells are located 18.6 m apart and have a relative elevational difference of 
3.7 m. The area has a closed tree canopy and a moderately dense shrub layer. 
Depth to dense basal till is greater at the upland well site. Ground water seeps and 
drainage channels are evident over the length of this ridge. 
MAPI 5.1 Very poorly drained - Histic Flumaqueot 
MAPI 5.1 was classified as a wetland. Eighty-six percent of dominant plant 
species are hydrophytic. Pinus strobus is the only FACU dominant species, 
comprising 2 percent cover within the sapling strata. It also occurs as a nondominant 
within the tree strata. A histic epipedon, low chroma and neutral mottles within the A 
horizons, and a low chroma matrix directly below the A2 horizon are evidence of 
hydric soil morphology. The site was saturated within 15 cm of the ground surface 
greater than 9P percent of the growing seasons and shallow rooting is also common. 
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MAPI 5.2 Very poorly drained - Histic Humaauept 
This site was classified as a nonwetland. Only forty percent of the dominant 
vegetation was hydrophytic. The only dominant hydrophytic species, Acer rubrum, is 
categorized as FAC and occurred in the shrub and sapling strata. However, fifty-three 
percent of all identified species are hydrophytic, four of these are FACW or OBL. A 
histic epipedon is evidence of a hydric soil. No evidence of hydrology was present. 
Water tables at this site never rose above -53 cm from the ground surface (<28 cm of 
the mineral soil surface). Tensiometry at this site indicates saturation at 45 cm from 
the ground surface and periodic to near saturation at 30 cm from the ground surface, 
20 cm and 5 cm of the mineral soil surface respectively. This exemplifies the extent of 
capillarity in fine textured soils. Although the A and AB horizons are saturated and 
reduced for significant periods, no low chroma mottles are present. Organic matter 
may be masking any depletions which should be forming. The presence of an 
oxidized environment at 60 cm while saturated may be the result of oxidized water 
wicking upward from a coarse textured layer at the base of the BC horizon. The 
absence of predominant hydrophytic vegetation may be attributed not only to 
marginally reduced and saturated conditions, but to the presence of common rooting 
within the Bwl horizon, wherein redox potentials and matrix chroma indicate an 
oxidized environment. 
MAPI 5.3 Moderately well drained - Tvoic Dvstrochrept 
The vegetation at this site could not be classified as hydrophytic or 
nonhydrophytic. All dominant and nondominant hydrophytic species equaled all 
dominant and nondominant nonhydrophytic species indicator status. The soils do not 
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exhibit any hydric soil indicators nor is there evidence of saturation within 60 cm of the 
ground surface. This site was classified as a nonwetland. 
MAPI 6 Terrace 
MA016 wells are located on a recent, but not actively flooding stream terrace. 
The terrace has developed on a gravelly outwash deposit. An elevational difference of 
2.7 m occurs within a distance of 64.4 m. Numerous large angular and rounded 
stones are evident throughout the area and within a stonewall nearby. The uppermost 
well begins near a hay pasture which was plowed sometime in the past. The entire 
area appears to have been cleared of trees and allowed to revert to a forested 
condition. 
MAPI6.1 Poorly drained - Typic Humaquept 
This site was is classified as a wetland. However, if the FAC-neutral rule is 
applied the area does not have a predominance of hydrophytic vegetation. Otherwise, 
sixty percent of the dominant vegetation is hydrophytic. The site poses evidence of 
hydric soil morphology. A two chroma Bw matrix with mottles occurs directly beneath 
an Oa horizon. In general the soils exhibit expected morphology. Recorded water 
table levels show saturation within 2P cm of the ground surface for a significant period. 
Shallow rooting and stained leaves are also common at this site. 
MAPI6.2 Very poorly drained - Histic Humaquept 
Hydrophytic vegetation, indicators of hydric soils and evidence of hydrology 
exist at this site. One hundred percent of the dominant vegetation is hydrophytic. A 
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histic epipedon and a two chroma matrix with mottles directly below the A horizon are 
present at this site. The site experienced saturation within 15 cm of the mineral soil 
surface for a significant period during the growing season and shallow rooting and 
stained leaves are present. The soil morphology does exhibit expected characteristics 
according to saturation. However, redox potentials at 45 cm and 60 cm from the 
ground surface indicate oxidized conditions. These probes may have become 
defective during the study period. This site was classified as a wetland. 
MAPI6.3 Somewhat poorly drained - Aquic Dvstrochreot 
Hydrophytic vegetation was predominant at this site, 4 of 5 dominant species 
were FAC or wetter. USACOE (1991b) field sheet classification of this soil is hydric 
and Soil Taxonomy’s is nonhydric. No hydric soil indicators or evidence of hydrology 
were present. However, the soil was saturated within 30 cm for greater than five 
percent but less than twelve and one half percent of a single growing season. The 
soil exhibited expected morphologies. This site was not classified as a wetland. 
MAPI6.4 Moderately well drained - Aquic Dvstrochreot 
This site was not classified as a wetland. Hydrophytic vegetation was 
predominant. Sixty-four percent of all dominants were FAC or wetter. No indicators of 
hydric soil were evident and the soils were not saturated within 120 cm of the ground 
surface. Soil morphololgy was consistent with expected characteristics. 
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5.6.2 Assessment of the Three-parameter Approach Applied to Primary and 
Secondary Sites 
Table 28 summarizes the three parameters and their respective indicators. 
Thirty-five percent (13 of 37) of all sites were classified as wetland when primary and 
secondary indicators of hydrology were used. Predominant hydrophytic vegetation 
occurred at 84 percent of the primary and secondary sites. All "wet" sites exhibited a 
predominance of hydrophytic vegetation, indicators of hydric soils, and evidence of 
hydrology. A predominance of hydrophytic vegetation was found at ninety-two percent 
of the "transitional" sites and fifty-eight percent of the "upland" sites. Indicators of 
hydric soil and evidence of hydrology were present at 35 percent of all sites. Hydric 
soils (USACOE, 1991b) occurred at fifty and zero percent of transitional and upland 
sites, respectively. Whereas, hydric soils (Soil Taxonomy) occurred at eight and zero 
percent of these sites. The application of only primary indicators for evidence of 
hydrology resulted in 27 percent (10 of 37) of all sites being classified as wetland. 
Transitional and upland sites exhibited primary indicators of hydrology at eight and 
zero percent of the sites. All sites vegetated with nonhydrophytes presented no 
evidence of hydrology. One transitional site (15.2) which had hydric soils did not 
exhibit any indicators of hydrology or a predominance of hydrophytic vegetation. The 
characteristics of this site, MA015.2, have been described previously in section 5.6.1. 
Similarly, the only transitional site to exhibit evidence of hydrology (one growing 
season), MA012.2, did not have hydric soils see section 5.6.1. 
The presence of dominant species’ indicator status was tallied for each primary 
and secondary site. Only the FACU occurrences agreed with the estimated 
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occurrence within wetlands (areas where hydric soil and evidence of hydrology was 
present) (Fig. 62). FACU species occurred 18 percent of the time in "wetland" areas. 
Table 29 lists the FACU dominant species observed at "wetland" sites and the number 
of occurrences as a dominant at "wetland" and "upland" sites. The FAC species 
occurred 28 percent of the time on hydric soils and areas where indicators of 
hydrology were present, which is close but not within the predicted 34% - 66% 
estimate of occurrence within wetlands. Fifty-six percent of FACW status’ were found 
to occur in "nonwetland" areas, in contrast to the expected 67% to 99% occurrence in 
wetlands. Table 30 lists the FACW dominant species observed at "upland" sites and 
the number of occurrences as a dominant at "wetland" and "upland" sites. Eighty-six 
(6 of 7 occurrences) percent of dominant OBL species occurred on hydric soils and 
Indicator status 
"Wetland" £3 "Upland" 
Fig. 62. Distribution of indicator status of dominant species in relation to 
"wetland" (areas where indicators of hydrology and hydric soils were 
present) and "upland" (areas where indicators of hydrology and hydric soils 
were not present). 
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areas where hydrology was present. The only OBL occurrence on nonhydric soil was 
represented by Rhododendron viscosum at a somewhat poorly drained site. 
Table 29. Dominant FACU species observed at "wetland" sites and the number of 
occurrences as a dominant at "wetland" (areas where indicators of hydrology 
and hydric soils were present) and "upland" (areas where indicators of 
hydrology and hydric soils were not present) sites. 
Species # of 
occurrences as 
dominant at 
"wetland" sites 
# of 
occurrences as 
dominant at 
"upland" sites 
Pin us strobus 6 11 
Lycopodium obscurum 2 5 
Tsuga canadensis 2 2 
Vaccinium angustifolium 1 0 
Quercus alba 1 2 
Table 30. Dominant FACW species observed at "upland" sites and the number of 
occurrences as a dominant at "upland" (areas where indicators of hydrology 
and hydric soils were not present) and "wetland" (areas where indicators of 
hydrology and hydric soils were present) sites. 
Species # of 
occurrences as 
dominant at 
"upland" sites 
# of 
occurrences as 
dominant at 
"wetland" sites 
Vaccinium corymbosum 11 7 
Osmunda cinnamomea 7 5 
Rubus hispidus 3 1 
Cornus amomum 2 0 
Thelypteris thelypteroides 2 0 
A in us rugosa 1 1 
Carex tribuloides 1 1 
Sambucus canadensis 1 0 
So/idago gig an tea 1 0 
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The occurrence of hydrophytic vegetation and hydric soils based on USACOE 
(1991b) criteria, agreed at 57% of all sites. Whereas, the agreement between 
hydrophytic vegetation and hydric soils based on Soil Taxonomy (Soil Survey Staff, 
1992), occurred at only 46% of primary and secondary sites. This difference is 
attributed to the misclassification of somewhat poorly drained soils by the USACOE 
field sheet. The presence of hydrophytic vegetation and indicators of hydrology 
agreed at 41% of all sites when only primary indicators were used and at 49% of all 
sites when primary and secondary indicators were considered. The low percentage of 
agreement between hydrophytic vegetation and hydric soil status and/or hydrology is 
attributed to the presence of hydrophytic vegetation at 84% of the sites. 
Agreement between the presence of hydric soil and indicators of hydrology was 
much higher. Soils classified as hydric according to the USACOE field sheet agreed 
at 78% of the sites with primary indicators of hydrology and at 84% of the sites when 
primary and secondary indicators were considered. Hydric soil status as determined 
by Soil Survey Staff (1992) agreed at 89% of the sites when only primary indicators 
were considered. The use of primary and secondary indicators, at all sites, resulted in 
97% agreement of hydric soils status and hydrology. The only site which did not 
agree was MA015.2. 
Application of the soil and hydrology criteria used by the New England District 
of the U.S. Army Corps of Engineers (1991b) distributed field data sheets contradicted 
some findings of this study. The key indicated the presence of hydric soils at five sites 
which did not exhibit any morphological indicators of hydric soils as listed in the 1987 
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manual (Table 28). Primary indicators of hydrology were not present at three poorly 
drained sites, however secondary indicators were. The key indicated hydric soils at 
six sites which did not exhibit any primary or secondary indicators of hydrology. To 
the contrary, all sites which were classified as having hydric soils according to Soil 
Taxonomy exhibited primary and/or secondary indicators of hydrology. 
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CHAPTER 6 
CONCLUSIONS 
Within the localized region of study, soil physical and chemical properties 
varied minimally among parent materials and drainage class. Redox potentials did 
indicate reducing environments during significant periods of saturation. Redox 
potentials, however, are unreliable at times. Redox probes located within highly 
oxidized/unsaturated conditions, lower boundaries of organically enriched horizons, or 
coarse textures may result in inaccurate estimation of the period of saturation. 
Within the soils studied, hydrology was related to soil morphology. 
Morphological indicators of saturation were best represented in the B horizons. The 
matrix chroma of these horizons generally decreased with increased periods of 
significant saturation. In addition, the percent mottling of a horizon increases with the 
increase of the frequency of saturation. Additionally, hydric soil indicators/morphology 
(following Soil Survey Staff, 1992) agreed 97% of the time with periods of 
saturation/reduction and 46% of the time with the presence of hydrophytic vegetation. 
The distribution of vegetation appears to vary among landforms and drainage 
classes. This distribution is more evident in the herbaceous layer and this layer 
appears to be more dependent on drainage class. Although parent material appears 
to have a major influence on the distribution of species, the component of the parent 
material responsible for this could not be isolated. The species distribution may be the 
result of some interaction of the soils’ chemical, physical and/or environmental 
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characteristics. Otherwise, it may simply be the result of dispersal and propagation or 
perhaps a random occurrence or apparent pattern. 
The classification of wetlands in this study, using a three parameter approach, 
relied heavily on soils and indicators of hydrology. Hydrophytic vegetation generally 
occurred where hydric soils and indicators of hydrology were present. At all but four 
sites, USACOE (1991b) indicators of hydric soils and indicators of hydrology 
complemented one another. Hydric soils were present at each of these sites while 
primary or secondary hydrologic indicators were not. At only one site did hydric soil 
occur where hydrophytic vegetation did not (MA015.2). Additionally, the use of the 
shrub layer appears to be of little value in the determination of wetland boundaries. 
It is believed that the use of indicators of hydrology may be more restrictive 
than indicated in this study. All sites were analyzed during spring or fall. The most 
frequently encountered indicator of hydrology was direct observation of saturation 
within the upper portion of the soil. Many of these sites may not exhibit this during dry 
summer months, therefore not correctly identifying the area as a wetland. The use of 
hydric soil as an indicator would maintain the correct identification of the area. After 
all, the presence a hydric soil is the result of long term hydrology. This approach, 
however, would not be applicable to areas exhibiting altered drainage. Also, the use 
of shallow rooting, the presence of stained leaves, and/or oxidized rhizospheres 
proved useful in the correlation of hydric soils to evidence of hydrology. The addition 
of these three indicators alone would allow for more accurate delineations during dry 
periods. 
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It is suggested that the use of the term "growing season" be changed to a more 
applicable term such as biologically active period. This is proposed due to the 
observed differences in actual emergence/bud break and senescence of vegetation 
and that of the soil at a temperature >5°C. The term growing season appears to be 
more applicable to actual plant growth as opposed to subsurface microbial activity. 
The commonly used estimate of growing season, SCS soil survey frost free period 
(28° F 5 of 10 years), appears to underestimate the actual growing season (Soil 
Survey Staff, 1992). This underestimation, approximately 2 months for this study, may 
not allow for the proper identification of soil that is saturated for a significant period 
late in the growing season. Another estimation of growing season (Soil Survey Staff, 
1992) should be pursued. 
Additionally, the current method for delineating wetlands following the USACOE 
New England Division should be reassessed. In particular, the method in which the 
USACOE (1991b) identifies hydric soil status. Problems arose with the hydric status 
of the somewhat poorly drained soils, 3 chroma soils. Several of these soils were 
classified as hydric even though indicators of hydrology (observed or measured) 
and/or hydric soil indicators (Environmental Laboratory, 1987) did not exist. 
Secondary indicators of hydrology should also be included as evidence of hydrology. 
These secondary indicators, oxidized rhizospheres, stained leaves, and/or shallow 
rooting were only found to occur where hydric soils and hydrophytic vegetation existed. 
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APPENDIX A 
SITE LOCATIONS AND ABBREVIATION LIST OF SPECIES 
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APPENDIX B 
SOIL CHARACTERISTICS 
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APPENDIX C 
COLOR INDEXES 
Cl = (matrix chroma)x(matrix abundance) + (mottle colora)x(mottle abundance.,) + (mottle 
colorb)*(mottle abundanceb*) + .. (Evans and Franzmeier, 1988) 
C3 = (matrix chroma)x(matrix abundance) 
C4 = (mottle color < 2a)x(mottle abundancea)+ (mottle color < 2b)x(mottle abundanceb) + .. 
C5 = (mottle color > 2a)x(mottle abundancea)+ (mottle color > 2b)x(mottle abundanceb) + .. 
*where an abundance of few = 0.01, common = 0.11, many = 0.35. 
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APPENDIX D 
DOMINANT SPECIES 
141 
SITE: MA012.1 
Strata Species Status Cover/BA 
Herb Carex crinita OBL 13.75 
Carex lurida OBL 33.75 
Shrub Cephalanthus occidentalis OBL 6 
Acer rubrum FAC 5 
Salix discolor FACW 8 
Sapling 
Tree 
Percent FAC or wetter = 100 
SITE: MA012.2 
Strata Species Status Cover/BA 
Herb So/idago gigantea FACW 14.63 
Solidago caesia FACU 15 
Shrub Cornus amomum FACW 33 
Sapling Acer negundo FAC 20 
Tree 
Percent FAC or wetter = 75 
SITE: MA012.3 
Strata Species Status Cover/BA 
Herb So/idago rugosa FAC 30 
Shrub Sambucus canadensis FACW 4 
Cornus amomum FACW 4 
Prunus serotina FACU 3 
Sapling Betuia popuiifolia FAC 8 
Tree Betula populifolia FAC .2 
A cer rubrum FAC .48 
Percent FAC or wetter = 86 
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SITE: MA014.1 
Strata Species Status Cover/BA 
Herb Carex spp. FACW 6.88 
Impatiens capensis FACW 6.63 
Shrub A In us rugosa FACW 2 
Sapling 
Tree 
Percent FAC or wetter = 100 
SITE: MA014.2 
Strata 
Herb 
Shrub 
Sapling 
Tree 
Species 
So/idago rugosa 
Rubus hispidus 
Betula populifolia 
Spiraea tomentosa 
Status Cover/BA 
FAC 10 
FACW 15.63 
FAC 3 
FAC 4 
Percent FAC or wetter = 100 
SITE: MA014.3 
Strata Species Status Cover/BA 
Herb Maianthemum canadense FAC 7.63 
Rubus hispidus FACW 13.13 
Shrub Acer rubrum FAC 12 
Sapling 
Tree Pinus resinosa FACU 4.34 
Percent FAC or wetter = 75 
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SITE: MA015.1 
Strata Species Status Cover/BA 
Herb Sphagnum FACW 6.88 
Shrub Vaccinium corymbosum FACW 10 
Acer rubrum FAC 4 
Ame/anchier arborea FAC 2 
Sapling Acer rubrum FAC 4 
Pin us strobus FACU 2 
Tree Acer rubrum FAC 1.81 
Betu/a populifolia FAC .66 
Percent FAC or wetter = 86 
SITE: MA015.2 
Strata Species Status Cover/BA 
Herb L y cop odium comp/ana turn FACU 8 
Shrub Corylus americana FACU 8 
Acer rubrum FAC 3 
Sapling Acer rubrum FAC 5 
Tree Pin us strobus FACU .39 
Percent FAC or wetter = 40 
SITE: MA015.3 
Strata Species Status Cover/BA 
Herb Osmunda cinnamomea FACW 2.75 
Lycopodium obscurum FACU 4.38 
Shrub Corylus americana FACU 11 
Sapling Acer rubrum FAC 5 
Quercus rubra FACU 4 
Cary a ovata FACU 5 
Tree A cer rubrum FAC 1.47 
Pop ulus grandidentata FAC 2.02 
Percent FAC or wetter = 38 
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SITE: MA016.1 
Strata Species Status Cover/BA 
Herb Carex strict a OBL 2.75 
Shrub Vaccinium angustifolium FACU 9 
Pin us strob us FACU 13 
Sapling Acer rubrum FAC 25 
Tree Acer rubrum FAC 3.5 
Percent FAC or wetter = 60 
SITE: MA016.2 
Strata Species Status Cover/BA 
Herb Symp/ocarpus foetidus OBL 1.88 
Shrub Vaccinium corymbosum FACW 4 
Sapling Acer rubrum FAC 12 
Tree A cer rubrum FAC 5.79 
Percent FAC or wetter = 100 
SITE: MA016.3 
Strata Species Status Cover/BA 
Herb Maianthemum canadense FAC 8.75 
Spiraea latifolia FAC 4.38 
Shrub Prunus serotina FACU 8 
Sapling Acer rubrum FAC 5 
Tree Acer rubrum FAC 2.54 
Percent FAC or wetter = 80 
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SITE: MA016.4 
Strata Species Status Cover/BA 
Herb Maianthemum canadense FAC 3.38 
Spiraea latifolia FAC 1.88 
Shrub 
Sapling Prunus serotina FACU 5 
A cer rubrum FAC 10 
Tree Acer rubrum FAC 1.58 
Percent FAC or wetter = 64 
SITE: Cl 
Strata Species Status Cover/BA 
Herb Sphagnum FACW 16.1 
Thelypteris noveboracensis FAC 12.9 
Shrub Vaccinium corymbosum FACW 16 
Hex verticil lata FACW 6 
Sapling Betuia alleghaniensis FAC 10 
Tsuga canadensis FACU 6 
Tree Tsuga canadensis FACU .62 
Acer rubrum FAC .47 
Pin us strobus FACU .69 
Percent FAC or wetter = 66 
SITE: C2 
Strata Species Status Cover/BA 
Herb Osmunda cinnamomea FACW 87.5 
Shrub Acer rubrum FAC 5 
Vaccinium corymbosum FACW 3 
Rhododendron viscosum OBL 4 
Sapling A cer rubrum FAC 25 
Tree A cer rubrum FAC .6 
Quercus rubra FACU 1.07 
Percent FAC or wetter = 83 
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SITE: C3 
Strata Species Status Cover/BA 
Herb Osmunda cinnamomea FACW 15.2 
Mitchella repens FACU 10.7 
Shrub Quercus rubra FACU 11 
Vaccinium corymbosum FACW 13 
Kalmia angustifolia FAC 14 
Acer rubrum FAC 10 
Sapling Tsuga canadensis FACU 5 
Pin us strobus FACU 4 
Tree Quercus rubra FACU 3.87 
Percent FAC or wetter = 44 
SITE: HI 
Strata Species Status Cover/BA 
Herb Osmunda cinnamomea FACW 7.5 
Rubus hispidus FACW 3.75 
Shrub Vaccinium corymbosum FACW 20 
Hex verticillata FACW 7 
Sapling Acer rubrum FAC 75 
Tree Acer rubrum FAC .8 
Percent FAC or wetter = 100 
SITE: H2 
Strata Species Status Cover/BA 
Herb Osmunda cinnamomea FACW 18 
Shrub Vaccinium corymbosum FACW 5 
Quercus rubra FACU 3 
Sapling A cer rubrum FAC 24 
Tree A cer rubrum FAC 2.99 
Percent FAC or wetter = 60 
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SITE: H3 
Strata Species Status Cover/BA 
Herb Osmunda cinnamomea FACW 18.75 
A thyrium filix-femina FAC 20 
Shrub Vaccinium corymbosum FACW 2 
Quercus rubra FACU 2 
Sapling A cer rubrum FAC 25 
Tree Acer rubrum FAC .24 
Percent FAC or wetter = 83 
SITE: N1 
Strata Species Status Cover/BA 
Herb Osmunda cinnamomea FACW 64 
Shrub Lindera benzoin FACW 4 
Vaccinium corymbosum FACW 6 
Sapling Betu/a alleghaniensis FAC 12 
Tree Betula alleghaniensis FAC 1.07 
Acer rubrum FAC 1.93 
Percent FAC or wetter = 100 
SITE: N2 
Strata Species Status Cover/BA 
Herb A thyrium filix-femina FAC 45.8 
Shrub Rhododendron periclymenoides FAC 6 
Sapling Betula alleghaniensis FAC 10 
Tree Quercus rubra FACU 2.02 
A cer rubrum FAC 2.88 
Percent FAC or wetter = 80 
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SITE: N3 
Strata Species Status Cover/BA 
Herb Thelypteris thelypteroides FACW 47 
Athyrium filix-femina FAC 41 
Shrub Pin us strobus FACU 1 
Vaccinium corymbosum FACW 1 
Sapling Betu/a alleghaniensis FAC 18 
Acer rubrum FAC 13 
Tree Quercus rubra FACU 4.22 
Betu/a alleghaniensis FAC .35 
Acer rubrum FAC .35 
Percent FAC or wetter = 78 
SITE: SI 
Strata Species Status Cover/BA 
Herb Lycopodium obscurum FACU 15.7 
Shrub Pin us strobus FACU 20 
Lindera benzoin FACW 11 
Sapling Acer rubrum FAC 15 
Pin us strobus FACU 4 
Tree A cer rubrum FAC 4.28 
Percent FAC or wetter = 50 
SITE: S2 
Strata Species Status Cover/BA 
Herb Lycopodium obscurum FACU 6.25 
Carex tribuloides FACW 4.25 
Thelypteris thelypteroides FACW 6.5 
Shrub Vaccinium corymbosum FACW 8 
Sapling Acer rubrum FAC 32 
Betula populifolia FAC 10 
Tree Pin us strobus FACU 2.64 
Percent FAC or wetter = 71 
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SITE: S3 
Strata Species Status Cover/BA 
Herb L y copodium com pi ana turn FACU 6 
Shrub Pin us strob us FACU 8 
Sapling 
Tree Pin us strobus FACU 3.59 
Acer rubrum FAC 3.92 
Percent FAC or wetter = 25 
SITE: K1 
Strata Species Status Cover/BA 
Herb Lycopodium obscurum FACU 30 
Osmunda cinnamomea FACW 32.7 
Copt is trifolia FACW 23.1 
Shrub Vaccinium corymbosum FACW 29 
Sapling Acer rubrum FAC 24 
Tree Acer rubrum FAC 2.77 
Pin us strobus FACU 1.06 
Percent FAC or wetter = 71 
SITE: K2 
Strata Species Status Cover/BA 
Herb Osmunda cinnamomea FACW 28 
Lycopodium obscurum FACU 23 
Shrub Acer rubrum FAC 13 
Vaccinium corymbosum FACW 22 
Sapling 
Tree A cer rubrum FAC 1.53 
Pin us strobus FACU 1.36 
Percent FAC or wetter = 67 
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SITE: K3 
Strata Species Status Cover/BA 
Flerb L y copodium com plana turn FACU 33 
Shrub A cer rubrum FAC 12 
Vaccinium corymbosum FACW 16 
Sapling Pin us strobus FACU 4 
B etui a poputifolia FAC 5 
Tree Acer rubrum FAC 1.88 
Betula populifolia FAC .56 
Percent FAC or wetter = 71 
SITE: El 
Strata Species Status Cover/BA 
Flerb Carex tribuloides FACW 15.4 
Onoc/ea sensibilis FACW 22 
Shrub Ame/anchier canadensis FAC 2 
Acer rubrum FAC 5 
Sapling Acer rubrum FAC 55 
Tree Acer rubrum FAC 1.96 
Percent FAC or wetter = 100 
SITE: E2 
Strata Species Status Cover/BA 
Herb Solidago rugosa FAC 49.4 
Shrub Acer rubrum FAC 5 
A In us rugosa FACW 13 
Vaccinium corymbosum FACW 6 
Sapling A cer rubrum FAC 25 
Tree Acer rubrum FAC .14 
Percent FAC or wetter = 100 
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SITE: E3 
Strata Species Status Cover/BA 
Herb Prunus serotina FACU .5 
Potentilla simplex FACU .25 
Shrub Pin us strobus FACU 2 
Sapling A cer rubrum FAC 27 
Prunus serotina FACU 12 
Tree Pin us strobus FACU 1.24 
Percent FAC or wetter = 17 
SITE: W1 
Strata Species Status Cover/BA 
Herb Osmunda cinnamomea FACW 44.2 
Sphagnum FACW 31.7 
Shrub Ilex verticillat a FACW 15 
Sapling Acer rubrum FAC 7 
Tree Acer rubrum FAC 6.52 
Percent FAC or wetter = 100 
SITE: W2 
Strata Species Status Cover/BA 
Herb Lycopodium compianatum FACU 14 
Rubus hispidus FACW 22 
Shrub Prunus serotina FACU 10 
Carpinus caroiiniana FAC 10 
Corylus americana FACU 20 
Sapling Pin us strobus FACU 7 
Acer rubrum FAC 5 
Carpinus caroiiniana FAC 10 
Tree Acer rubrum FAC 5.01 
Percent FAC or wetter = 56 
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SITE: W3 
Strata Species Status Cover/BA 
Herb Lycopodium comp/anatum FACU 13.75 
Prunus serotina FACU 8.75 
Shrub Tsuga canadensis FACU 5 
Acer rubrum FAC 5 
Sapling Carpinus caroiiniana FAC 60 
Tree Popu/us tremuia FACU 2 
A cer rubrum FAC .75 
Percent FAC or wetter = 43 
SITE: Ml 
Strata Species Status Cover/BA 
Herb Osmunda cinnamomea FACW 52.5 
Shrub Vaccinium corymbosum FACW 14 
Rhododendron viscosum OBL 6 
Sapling Carpinus caroiiniana FAC 4 
Quercus alba FACU 2 
Tree A cer rubrum FAC .82 
Pin us strobus FACU .35 
Percent FAC or wetter = 71 
SITE: M2 
Strata Species Status Cover/BA 
Herb Osmunda cinnamomea FACW 14 
Lycopodium obscurum FACU 7 
Shrub Viburnum lentago FAC 21 
Vaccinium corymbosum FACW 20 
Sapling 
Tree Acer rubrum FAC .82 
Quercus alba FACU .27 
Percent FAC or wetter = 67 
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SITE: M3 
Strata Species Status Cover/BA 
Herb Lycopodium obscurum FACU 2.25 
Lycopodium complanatum FACU 2 
Katmia angustifolia FAC 2.25 
Shrub Vaccinium corymbosum FACW 24 
Kalmia angustifolia FAC 37 
Sapling A cer rubrum FAC 3 
Tree Quercus alba FACU .76 
Acer rubrum FAC .7 
Percent FAC or wetter = 63 
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APPENDIX E 
SOIL DESCRIPTIONS 
*Site code within parenthesis refers to site indicator used in appendix tables. 
**Drainage class code within parenthesis refers to U.S. Army Corps of Engineers 
(1991) drainage class designation. 
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Site: MA012.1 (12.1) 
Location: Monson, MA 
Date: May 1992 
Taxanomic Subgroup: Histic Humaquept 
Parent Material: Outwash 
Drainage Class: Very poorly (A2) 
Horizon: Depth (cm) 
Oe 3-0 Hemic organic matter; clear smooth boundary. 
A 0-5 2.5Y3/2 sand; massive structure; friable; many fine roots; 
abrupt smooth boundary. 
Oa 5-29 5Y 2.5/1 with common coarse prominent N2/0, common 
fine prominent 5YR4/6, few coarse distinct 2.5Y4/2, and 
few medium prominent 7.5YR4/6 mottles; many fine and 
few medium roots; abrupt smooth boundary. 
2Ab 29-41 10YR2/1 fine sandy loam with few medium prominent 
5Y5/2 mottles; medium subangular blocky structure; 5% 
coarse fragments; few fine pores; few fine roots; oxidized 
rhizospheres and channel ferrans present; abrupt smooth 
boundary. 
2C 41 + 10YR3/2 coarse sand; granular structure; loose; 5% of 
the horizon occurs as 2.5Y4/3 pockets of sand with 
coarse distinct 10YR3/4 mottles. 
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Site: MA012.2 (12.2) 
Location: Monson, MA 
Date: May 1992 
Taxonomic Subgroup: Oxyaquic Haplumbrept 
Parent Material: Outwash 
Drainage Class: Somewhat poorly (C2b) 
Horizon: 
Oi 
A 
Bw 
Bw2 
2C1 
3C2 
3C3 
Depth (cm) 
2-0 Fibric organic matter; leaf litter; clear smooth boundary. 
0-33 10YR2/1 sandy loam with few fine faint 10YR4/2 mottles; 
medium weak crumb structure; friable; many fine and 
many medium roots, few coarse roots; abrupt smooth 
boundary. 
33-63 10YR3/3 sandy loam with few coarse prominent 10R3/6, 
few coarse distinct 2.5Y4/3, few medium prominent 
5YR4/6, and few medium distinct 10YR4/6 mottles; 
medium weak subangular blocky structure; friable; few 
fine and few medium roots; a 9 cm thick and 30-cm long 
pocket of 10YR4/2 fine sand with common medium 
prominent 2.5YR4/8 mottles and oxidized rhizospheres. 
63- 84 7.5YR3/3 coarse sand with few coarse distinct 7.5YR4/6, 
few coarse prominent 10R3/4, and few medium prominent 
10YR5/6 mottles; granular structure; loose; few medium 
and few fine roots; many coarse fragments; lateral band 
of 10R2.5/2 material; abrupt wavy boundary. 
84-91 2.5Y4/2 coarse sand with common medium prominent 
7.5YR3/4 and common medium prominent 7.5YR4/6 
mottles; massive structure; friable; many coarse 
fragments; few fine roots; abrupt smooth boundary. 
91-113 7.5YR4/3 coarse sand with common medium distinct 
7.5YR5/6 and few coarse prominent 2.5Y4/2 mottles; 
granular structure; loose; many coarse fragments; high 
chroma mottles associated with coarse textured material; 
low chroma mottles associated with fine textured material; 
gradual wavy boundary. 
113+ 10YR3/3 coarse sand with few coarse faint 10YR5/3 
mottles; granular structure; loose; many coarse 
fragments. 
157 
Site: MA012.3 (12.3) 
Location: Monson, MA 
Date: May 1992 
Taxonomic Subgroup: Typic Dystrochrept 
Parent Material: Outwash 
Drainage Class: Moderately well (D1) 
Horizon: Depth (cm) 
Oi 2-0 Organic matter; leaf litter. 
A 0-9 10YR3/2 loamy sand; many fine, many medium, and few 
coarse roots; clear wavy boundary. 
C 9-13 2.5Y3/3 loamy sand; granular structure; loose; many fine, 
many medium, and few coarse roots; clear wavy 
boundary. 
2Ab 13-29 10YR2/1 sandy loam; fine crumb structure; friable; many 
fine, many medium, and few coarse roots; many worm 
castings, clear wavy boundary. 
2Bw1 29-36 7.5YR3/3 loamy coarse sand; massive structure; friable; 
many coarse fragments; few medium tubular pores; many 
fine roots; clear wavy boundary. 
2Bw2 36-80 7.5YR4/6 coarse sand with few medium prominent 
2.5YR4/8 mottles; massive structure; friable; common fine 
roots; many coarse fragments; old root channels are filled 
with sand grains; clear smooth boundary. 
2C1 80-104 10YR5/8 coarse sand with common coarse distinct 
10YR5/3, common medium prominent 2.5YR4/8, and few 
coarse prominent 2.5YR2.5/4 mottles; granular structure; 
loose; filled root channels; few manganese concretions 
associated with 2.5YR5/4 mottles; a discontinuous band 
of 5Y5/2 fine sand occurs between 85 cm and 95 cm; 
clear smooth boundary. 
2C2 104-129 10YR4/4 coarse sand; banded 10R3/6, 7.5YR5/8, 
10YR4/3, and 5Y6/2 mottles; granular structure; loose; 
many coarse fragments; a 5 cm thick band of fine sand 
occurs in this horizon; clear smooth boundary. 
2C3 129+ 10YR4/3 coarse sand; common medium prominent 
5YR5/8 mottles; granular structure; loose. 
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Site: MA014.1 (14.1) 
Location: Monson, MA 
Date: June 1992 
Taxonomic Subgroup: Histic Humaquept 
Parent Material: Outwash 
Drainage Class: Very poorly (A2) 
Horizon: 
Oal 
Oa2 
Oa3 
A 
Bw 
Cg 
Depth (cm) 
0-6 10YR2/1 sapric organic matter; many fine and few 
medium roots; abrupt smooth boundary. 
6-25 5YR3/1 sapric organic matter with common coarse 
prominent 2.5YR3/4 mottles; common coarse channel 
pores; many fine and few medium roots; mottles occur as 
channel ferrans in the upper 13 cm of the horizon; abrupt 
smooth boundary. 
25-39 N2/ sapric organic matter; many fine roots; some mixing 
of the A horizon in this sapric horizon; clear wavy 
boundary. 
39-54 
54-66 
66-99+ 
10YR3/3 loamy sand with few medium prominent 
10YR4/6 mottles; massive structure; friable; some mixing 
of the Oa3 horizon into this horizon; clear wavy boundary. 
2.5Y4/4 sandy loam; weak subangular blocky structure; 
nonsticky; nonplastic; oxidizes upon contact with the air 
to 10YR5/8; root channels filled with Oa and A material; 
many dead roots; abrupt smooth boundary. 
N4/ loamy sand with few medium prominent 7.5YR3/4 
mottles; massive structure; nonsticky; nonplastic; 5% 
coarse fragments; many dead roots. 
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Site: MA014.2 (14.2) 
Location: Monson, MA 
Date: June 1992 
Taxonomic Subgroup: Aerie Endoaquent 
Parent Material: Outwash 
Drainage Class: Somewhat poorly (C2a) 
Horizon: 
Oa 
Bwl 
Bw2 
Bgl 
Bg2 
Bg3 
C 
Depth (cm) 
7-0 10YR2/1 sapric matter with few prominent 7.5YR5/6 
oxidized rhizospheres; common fine and common 
medium roots; clear wavy boundary. 
0-19 2.5Y5/6 silt loam with few medium prominent 5YR4/6, few 
fine prominent 5YR4/6, and few medium prominent 
7.5YR4/6 mottles; fine weak subangular blocky structure; 
friable; few fine roots; clear smooth boundary. 
19-29 2.5Y5/6 silt loam with common medium prominent 
2.5Y5/2, common medium prominent 10YR5/4 mottles 
and few prominent 2.5YR4/8 channel ferrans; subangular 
blocky structure; firm; few fine roots; common coarse 
prominent 10R4/6 ped faces; abrupt smooth boundary. 
29-37 2.5Y5/2 fine sandy loam with many medium distinct 
2.5Y5/4, few medium prominent 10YR5/6 mottles, and 
few coarse prominent 5YR2.5/1 organs; subangular 
blocky structure; firm; few fine roots; abrupt smooth 
boundary. 
37-46 2.5Y4/2 sandy loam with common coarse prominent 
10YR6/8, and common fine prominent 10YR4/4 mottles; 
granular structure; loose; 10% coarse fragments; 
10YR6/8 mottles occur in upper portion of horizon; few 
prominent 2.5YR4/8 neoalban, quasiferran and channel 
ferrans present; abrupt smooth boundary. 
46-68 2.5Y5/3 sand with common medium prominent 10YR5/6, 
few coarse prominent 5YR5/8 mottles, and few prominent 
10YR3/6 channel ferrans; granular structure; loose; few 
channel pores; abrupt smooth boundary. 
68+ 2.5Y3/3 coarse sand with many coarse prominent 
2.5YR4/8, and few medium distinct 2.5Y5/2 mottles; 
granular structure; loose; 40% coarse fragments. 
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Site: MA014.3 (14.3) 
Location: Monson, MA 
Date: June 1992 
Taxonomic Subgroup: Aquic Udorthent 
Parent Material: Outwash 
Drainage Class: Somewhat poorly (C2b) 
Horizon: 
Oi 
Oa 
A 
AB 
Bwl 
Bw2 
C 
Depth (cm) 
7-4 Fibric matter; pine needles and leaf litter; abrupt smooth 
boundary. 
4-0 5YR2.5/1 sapric matter; many fine roots; abrupt smooth 
boundary. 
0-20 10YR2/2 sandy loam with common fine faint 10YR2/1, 
and few fine prominent 2.5YR2.5/4 mottles; very weak 
subangular blocky structure; very friable; few medium and 
few coarse roots; clear smooth boundary. 
20-38 10YR3/3 sandy loam with common coarse faint 10YR4/4, 
common medium faint 10YR4/4 mottles, and few coarse 
prominent 2.5YR3/6 channel ferrans and oxidized 
rhizospheres; fine moderate subangular blocky structure; 
firm; few roots all sizes; few coarse distinct 10YR2/1 
organs; clear wavy boundary. 
38-65 2.5Y4/3 sand with common coarse distinct 10YR5/4, 
common coarse distinct 10YR3/4, few medium and few 
coarse prominent 10YR2/1, and few medium prominent 
2.5YR5/6 mottles; massive structure; friable; few channel 
pores; few fine roots; clear smooth boundary. 
65-88 2.5Y4/2 sand with common coarse prominent 7.5YR5/8, 
common coarse faint 2.5Y3/2, and common fine and 
common medium prominent 2.5YR3/6 mottles; massive 
structure; friable; some mottles composed of stripped 
mineral grains; clear smooth boundary. 
88+ 7.5YR3/3 coarse sand with many coarse prominent 
2.5YR3/6 mottles; granular structure; loose; 50% coarse 
fragments; clear smooth boundary. 
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Site: MA015.1 (15.1) 
Location: Monson, MA 
Date: July 1992 
Taxonomic Subgroup: Histic Humaquept 
Parent Material: Till 
Drainage Class: Very poorly (A2) 
Horizon: Depth (cm) 
Oi 
Oa 
A1 
A2 
Cg 
Cd 
0-8 10YR3/4 fibric organic matter; abrupt smooth boundary. 
8-24 5YR3/1 sapric organic matter; many fine and many 
medium roots; abrupt smooth boundary. 
24-34 N3/ loamy fine sand with common fine prominent 
7.5YR4/2 mottles; massive structure; slightly sticky; few 
coarse fragments; many fine and many medium roots; 
abrupt smooth boundary. 
34-41 7.5YR3/2 fine sandy loam with many coarse distinct 
10YR4/2, common medium distinct N2/, few coarse 
distinct 10YR4/1, and few medium 10YR3/6 mottles; 
massive structure; nonsticky; nonplastic; 3% coarse 
fragments; common fine and common medium roots; 
clear smooth boundary. 
42-57 5Y4/2 fine sandy loam with many coarse faint 5Y4/1, few 
coarse prominent 10YR4/2, and few fine prominent 
10YR5/8 mottles; fine weak angular blocky structure; firm; 
few coarse fragments; few fine roots; few fine prominent 
and few fine prominent 5YR2.5/1 filled root channels 
which are surrounded by prominent 7.5YR4/4 ferrans; few 
prominent N2/ organic pockets; clear wavy boundary. 
42+ 2.5Y4/2 sandy loam with few coarse prominent 5YR3/3, 
few medium prominent 7.5YR3/3, and few medium 
prominent 7.5YR4/6 mottles; massive structure; 
nonsticky; nonplastic; many coarse fragments; inclusions 
of 7.5YR3/2 coarse sand are common. 
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Site: MA015.2 (15.2) 
Location: Monson, MA 
Date: June 1992 
Taxonomic Subgroup: Histic Humaquept 
Parent Material: Till 
Drainage Class: Very poorly (A2) 
Horizon: 
Oi 
Oal 
Oa2 
A 
AB 
Bwl 
Bw2 
BC 
Cd 
Depth (cm) 
25-20 Fibric organic matter; leaf litter; clear smooth boundary. 
20-13 10YR2/1 sapric organic matter; massive structure; slightly 
plastic; many fine and many medium roots; abrupt 
smooth boundary. 
13-0 N2/ sapric organic matter; massive structure; very friable; 
common fine and few medium roots; abrupt smooth 
boundary. 
0-11 7.5YR3/2 silt loam with many medium prominent 10YR3/4 
mottles; massive structure; friable; few fine and few 
medium roots; 10% tonguing of Oa2 material; gradual 
wavy boundary. 
11-28 10YR4/4 loamy fine sand with common medium distinct 
10YR4/6 mottles; massive structure; slightly firm; 
common medium channel pores; few fine roots; mottles 
also occur as channel ferrans; clear wavy boundary. 
28-43 2.5Y5/3 silt loam with many coarse prominent 5YR5/8, 
few coarse distinct 2.5YR3/6, and few coarse distinct 
5Y5/2 mottles; massive structure; slightly firm; common 
fine roots; water seeping from root channels at 30 cm; 
clear smooth boundary. 
43-67 5Y5/2 loamy fine sand with many coarse prominent 
7.5YR4/6, common coarse prominent 5YR5/8, and 
common fine prominent 2/5YR4/8 mottles; massive 
structure; slightly firm; abrupt smooth boundary. 
67-89 5Y5/1 sand with many coarse prominent 10YR5/4 and 
common coarse prominent 10R3/6 mottles; massive 
structure; slightly firm; abrupt texture change to coarse 
sand occurs at the base of this horizon; abrupt smooth 
boundary. 
89+ 
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Site: MA015.3 (15.3) 
Location: Monson, MA 
Date: June 1992 
Taxonomic Subgroup: Typic Dystrochrept 
Parent Material: Till 
Drainage Class: Moderately well (D1) 
Horizon: 
Oe 
A1 
A2 
Bwl 
Bw2 
Bw3 
BC 
Cd 
Depth (cm) 
4-0 
0-6 
6-20 
20-34 
Hemic organic matter; leaf litter. 
10YR2/1 loam; massive structure; friable; common all 
size roots; clear smooth boundary. 
10YR3/3 fine sandy loam; massive structure; friable; 
common fine and few medium roots; a discontinuous 
2.5Y4/4 very fine sand lens occurs and extends 20 cm 
laterally at the A2/Bw1 boundary; clear smooth boundary. 
10YR4/5 fine sandy loam; massive structure; friable; few 
coarse fragments; common fine roots; gradual wavy 
boundary. 
34-55 10YR4/5 fine sandy loam with few medium prominent 
5YR5/8 and few fine prominent 5YR5/8 mottles; massive 
structure; friable; few coarse fragments; few all size 
roots; one 8-cm wide prominent 5YR5/8 quasiferran; 
gradual wavy boundary. 
55-105 
105-133 
133+ 
2.5Y5/4 fine sandy loam with few coarse prominent 5Y5/2 
and common medium prominent 5YR5/8 mottles; weak 
subangular blocky structure; friable; few coarse 
fragments; few medium roots; one 10-cm inclusion of 
2.5Y5/3 fine sand surrounded by a 2.5YR2.5/4 ferran that 
is slightly cemented; clear smooth boundary. 
10YR5/1 fine sandy loam with many coarse prominent 
2.5YR4/8, common coarse distinct 2.5Y5/2, common 
coarse distinct 10YR4/4, and few coarse prominent 10R 
3/6 mottles; very weak subangular blocky structure; 
friable; few fine roots; abrupt smooth boundary. 
5Y6/1 fine sandy loam with few medium prominent 
10YR5/6 mottles; massive structure; very firm; texture 
change to coarse sand occurs at the top of the horizon. 
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Site: MA016.1 (16.1) 
Location: Monson, MA 
Date: July 1992 
Taxonomic Subgroup: Typic Humaquept 
Parent Material: Stream terrace 
Drainage Class: Poorly (B3a) 
Horizon: 
Oa 
Bwl 
Bw2 
BC 
eg 
Depth (cm) 
0-16 10YR2/1 sapric material; many fine, common medium, 
and few coarse roots; few oxidized rhizospheres; clear 
wavy boundary. 
16-29 10YR4/2 silt loam with many medium and coarse 
prominent 7.5YR5/8, common medium faint 10YR3/3, and 
common medium distinct 2.5Y5/2 mottles; medium weak 
subangular blocky structure; friable; few krotovinas; 
common fine roots; 10YR4/4 slightly coarser strata in 
upper portion of horizon; common fine root channels are 
filled with O horizon material; clear smooth boundary. 
29-48 2.5Y4/2 silt loam with many medium and coarse 
prominent 10YR4/6, common coarse and medium faint 
2.5Y5/2, and few coarse prominent 5YR5/8 mottles; 
massive structure; friable; few fine roots; few 10R3/6 
concretions; water flowing out of root channel at 44 cm; 
clear smooth boundary. 
48-66 5Y4/2 fine sandy loam with common coarse prominent 
7.5YR5/6, common coarse prominent 7.5YR5/8, few 
coarse prominent 5YR 4/6, and few coarse prominent 
10R3/6 mottles; massive structure; slightly plastic; few 
fine roots; abrupt smooth boundary. 
66-95 5Y5/1 loam with common medium prominent 10YR5/6 
and common fine prominent 10YR5/6 mottles; few fine 
and common medium roots; few coarse prominent 
10R3/4 mottles surrounded by 5YR4/6 mottles; at an 80 
cm depth, a 2-cm thick 10YR4/6 sand layer occurs; other 
discontinuous strata occur between 58 cm and 65 cm; 
abrupt smooth boundary. 
95+ Gravelly coarse sand. 2C 
Site: MA016.2 (16.2) 
Location: Monson, MA 
Date: July 1992 
Taxonomic Subgroup: Histic Humaquept 
Parent Material: Stream terrace 
Drainage Class: Very poorly (A2) 
Horizon: 
Oi 
Oa 
A 
Bw 
Clg 
2C2 
Depth (cm) 
28-26 Fibric organic matter; leaf litter. 
26-0 N2/ sapric organic matter with few medium distinct 
2.5Y4/2 and few fine prominent 5Y6/1 mottles; crumb 
structure; friable; many fine, common medium roots, and 
few coarse roots; gradual wavy boundary. 
0-13 10YR2/2 fine sandy loam with common medium distinct 
10YR3/6, few prominent 7.5YR5/8, and few fine 
prominent 2.5Y5/2 mottles; crumb structure; friable; 
common fine and few medium roots; abrupt smooth 
boundary. 
13-35 10YR5/2 silt loam with common coarse prominent 
7.5YR3/2, common fine prominent 7.5YR5/8, and few fine 
prominent 2.5YR3/6 mottles; subangular blocky structure; 
friable; few coarse fragments; common fine and few 
medium roots; abrupt wavy boundary. 
35-55 N5/ fine sand with common coarse distinct 2.5Y5/4, 
common coarse faint 10YR6/8, and common fine 
prominent 7.5YR5/8 mottles; massive structure; firm; 
many coarse fragments; many fine and many medium 
roots; few fine prominent 2.5YR4/8 oxidized rhizospheres; 
intrusion of 7.5YR6/8 medium sand with medium 
7.5YR5/8 and medium 10YR6/8 mottles and many coarse 
fragments; clear smooth boundary. 
55+ 10YR5/8 sand with few medium distinct 7.5YR5/8 mottles. 
166 
Site: MA016.3 (16.3) 
Location: Monson, MA 
Date: July 1992 
Taxonomic Subgroup: Aquic Dystrochrept 
Parent Material: Stream terrace 
Drainage Class: Somewhat poorly (C2a) 
Horizon: Depth (cm) 
Oa 
A 
AB 
Bwl 
Bw2 
Bg 
13-0 10YR2/1 sapric organic matter massive structure; friable; 
many fine, many medium, and many coarse roots; clear 
smooth boundary. 
0-12 10YR2/1 fine sandy loam with common medium 
prominent 2.5YR3/6 and common coarse faint N2/ 
mottles; massive structure; friable; many fine and many 
medium roots; N2/ organs; common fine prominent 
10R3/6 oxidized rhizospheres; gradual smooth boundary. 
12-27 10YR3/4 fine sandy loam with many medium prominent 
7.5YR5/3 and many medium prominent 10YR3/6 mottles; 
subangular blocky structure; slightly firm; 10% coarse 
fragments; few fine and common medium roots; many 
fine prominent 10R3/6 oxidized rhizospheres; gradual 
wavy boundary. 
27-42 7.5YR4/4 fine sandy loam with common medium 
prominent 2.5YR3/4, common fine prominent 2.5YR3/4, 
and few medium prominent 2.5Y4/3 mottles; subangular 
blocky structure; firm; 10% coarse fragments; few fine 
and few medium roots; krotovinas and root channels are 
filled with 10YR2/1 material; clear smooth boundary. 
42-56 2.5Y5/3 loam with many medium and coarse prominent 
10YR5/6 and many coarse faint 2.5Y4/2 mottles; massive 
structure; friable; 10% coarse fragments; few vesicular 
pores; few fine roots; few root channels are filled with A 
horizon material; few krotovinas; clear wavy boundary. 
56-75 5Y5/1 fine sandy loam with common medium and coarse 
prominent 10YR5/6 and few medium and few coarse 
10R4/8 mottles; subangular blocky structure; slightly firm; 
20% coarse fragments; few fine roots; 3-cm thick pockets 
of coarse sand occur; clear wavy boundary. 
167 
75+ Cg 5Y6/1 fine sandy loam with many coarse prominent 
2.5YR4/8, common medium and coarse prominent 
10YR5/6, and common medium prominent 10R3/6 
mottles; massive structure; friable; 20% coarse 
fragments; few very fine roots; 3-cm thick pockets of 
coarse sand are present. 
168 
Site: MA016.4 (16.4) 
Location: Monson, MA 
Date: July 1992 
Taxonomic Subgroup: Aquic Dystrochrept 
Parent Material: Stream terrace 
Drainage Class: Moderately well (D2) 
Horizon: Depth (cm) 
Oi 
Ap 
Bwl 
Bw2 
BC 
C 
3-0 10YR2/2 fibric material; leaf litter; abrupt smooth 
boundary. 
0-26 10YR3/3 fine sandy loam with few coarse distinct 
10YR5/6 and few fine distinct 10YR5/6 mottles (not 
associated with water); massive structure; friable; few 
fine, many medium, and few coarse roots; abrupt smooth 
boundary. 
26-48 10YR5/6 silt loam with common fine and coarse distinct 
10YR5/8, common medium distinct 10YR5/8, and few fine 
prominent 2.5Y5/2 mottles; massive structure; friable; 5% 
coarse fragments; common fine and common medium 
roots; upper portion of the horizon is 10YR4/6 (truncated); 
clear wavy boundary. 
48-70 2.5Y4/4 fine sandy loam with common fine prominent 
10YR4/6, few medium and coarse faint 2.5Y5/3, few 
coarse prominent 7.5YR4/6, and medium prominent 
5Y5/2 mottles; massive structure; friable; 10% coarse 
fragments; few fine and common medium roots; a 12-cm 
inclusion of 2.5 5/3 sand with medium distinct 10YR4/3 
mottles; clear wavy boundary. 
70-111 2.5Y5/3 fine sandy loam with few coarse prominent 
5YR4/6 mottles; massive structure; friable; few medium 
roots; a 12-cm thick and 25-cm long inclusion of angular 
blocky 5Y5/2 material of higher clay content and having 
coarse prominent 2.5Y4/4 mottles and 20% coarse 
fragments; clear wavy boundary. 
111+ 5Y5/2 fine sandy loam with common coarse prominent 
2.5Y5/4 mottles; massive structure; friable; few coarse 
fragments; silt caps present on coarse fragments. 
169 
Site: Cedar swamp (Cl) 
Location: Monson, MA 
Date: November 1993 
Taxonomic Subgroup: Histic Humaquept 
Parent Material: Till 
Drainage Class: Very poorly (A2) 
Horizon: 
Oa 
AB 
Cgd 
Depth (cm) 
0-24 N2/ sapric matter; many fine and many medium roots; 
clear wavy boundary. 
24-50 10YR 3/2 sandy loam with common medium prominent 
10YR 5/6 and common medium and coarse distinct 
10YR5/1 mottles; massive structure; few fine roots; many 
1-mm pores; clear smooth boundary. 
50-79+ 5Y6/1 fine sandy loam with common medium distinct 
2.5Y6/4 and common medium and coarse prominent 
10YR5/6; massive structure. 
170 
Site: Cedar swamp (C2) 
Location: Monson, MA 
Date: November 1993 
Taxonomic Subgroup: Aquic Dystrochrept 
Parent Material: Till 
Drainage Class: Somewhat poorly (C2B) 
Horizon: Depth (cm) 
Oe 3-0 
A 
Bwl 
Bw2 
BC 
0-17 
17-33 
33-54 
54-100 
N2/ fine sandy loam; massive structure; very friable; <2% 
coarse fragments; many fine and few medium roots; 
gradual wavy boundary. 
7.5YR3/3 fine sandy loam with few fine and medium 
distinct 10YR5/6, few fine distinct 10YR5/3 and few 
medium distinct 10YR6/2 mottles; massive structure; 
friable; <2% coarse fragments; common fine and few 
medium roots; clear wavy boundary. 
10YR4/3 fine sandy loam with common fine prominent 
2.5YR4/8, few medium prominent 7.5YR5/8 and few fine 
distinct 2.5Y5/3 mottles; massive friable; <2% coarse 
fragments; few fine roots; clear wavy boundary. 
2.5Y5/2 loamy fine sand with common medium and 
coarse prominent 7.5YR5/8 and common medium and 
coarse distinct 10YR6/6 mottles; single grain; nonplastic; 
nonsticky; pockets of grussified high chroma coarse 
fragments; abrupt smooth boundary. 
Cd 100+ 
171 
Site: Cedar swamp (C3) 
Location: Monson, MA 
Date: November 1993 
Taxonomic Subgroup: Typic Dystrochrept 
Parent Material: Till 
Drainage Class: Moderately well (D1) 
Horizon: Depth (cm) 
Oa 
A 
Bwl 
Bw2 
Bw3 
Cd 
3-0 
0-12 
12-27 
27-45 
45-70 
70-80+ 
10YR2/2 sapric matter; abrupt smooth boundary. 
10YR2/1 fine sandy loam; massive structure; friable; 
common fine and few medium roots; clear smooth 
boundary. 
10YR3/4 fine sandy loam with few medium distinct 
10YR5/6 mottles; massive structure; friable; few all size 
roots; few medium prominent N2/ organs; clear smooth 
boundary. 
10YR3/6 fine sandy loam; massive structure; friable; <2% 
coarse fragments; few fine and few medium roots; abrupt 
smooth boundary. 
10YR4/6 fine sandy loam with few fine distinct 2.5Y5/3 
mottles; <2% coarse fragments; few fine roots; abrupt 
smooth boundary. 
2.5Y5/4 sandy loam with common medium and coarse 
distinct 2.5Y6/2 and common distinct 10YR4/6 mottles; 
massive structure; friable. 
172 
Site: Hospital (HI) 
Location: Monson, MA 
Date: November 1993 
Taxonomic Subgroup: Humic Endoaquept 
Parent Material: Till 
Drainage Class: Poorly (B3a) 
Horizon: Depth (cm) 
Oa 5-0 7.5YR2/2 sapric matter; many fine and few medium roots; 
abrupt smooth boundary. 
A 0-10 10YR2/1 fine sandy loam; massive structure; slightly 
sticky; few fine and few medium roots; gradual wavy 
boundary. 
Cdgl 10-35 2.5Y5/2 fine sandy loam with common fine, medium and 
coarse prominent 7.5YR5/8, common medium and coarse 
distinct 10YR4/1, and common medium and coarse 
prominent 10YR6/8 mottles; weak medium subangular 
blocky structure; friable; 2% coarse fragments; 3% pores; 
common fine prominent 10R2.5/1 manganese 
concentrations; clear smooth boundary. 
Cdg2 35-85+ 10YR4/2 fine sandy loam with common medium and 
coarse prominent 10YR3/6 and common medium distinct 
2.5Y5/2 mottles; medium subangular blocky structure; 
friable; few 2-mm iron concretions; water at 4 cm 
originating from spring and filling pit to 15 cm. 
173 
Site: Hospital (H2) Taxonomic Subgroup: Aerie Endoaquept 
Location: Monson, MA Parent Material: Till 
Date: November 1993 Drainage Class: Somewhat poorly (C2b) 
Horizon: Depth (cm) 
Oa 
A 
Bwl 
Bw2 
Cd 
4-0 
0-11 
11-34 
34-44 
44-110+ 
7.5YR3/2 sapric matter; many fine and few medium roots; 
abrupt smooth boundary. 
10YR2/2 fine sandy loam with few fine prominent 5YR4/6 
mottles; massive structure; friable; few medium and few 
fine roots; clear smooth boundary. 
10YR3/4 fine sandy loam with common fine distinct 
7.5YR5/8 and few fine distinct 2.5Y4/8 mottles; moderate 
medium subangular blocky structure; friable; <2% coarse 
fragments; few medium and few fine roots; few medium 
distinct 10YR3/2 organs; clear smooth boundary. 
2.5Y5/4 fine sandy loam with many medium distinct 
2.5Y3/3, common medium prominent 10YR5/8, common 
medium distinct 10YR5/6, and common medium distinct 
2.5Y4/2 mottles; moderate medium subangular blocky 
structure; friable; 2% coarse fragments; common 1-mm 
pores; clear smooth boundary. 
5Y5/2 loamy sand with common medium and coarse 
prominent 7.5YR5/8, common medium prominent 2.5Y4/8 
channel ferrans, common medium and coarse distinct 
10YR6/1, and few medium prominent 7.5YR5/3 mottles; 
subangular blocky structure; friable; clay skins present; 
common 1-mm pores; 15% coarse fragments. 
174 
Site: Hospital (H3) Taxonomic Subgroup: Aquic Dystrochrept 
Location: Monson, MA Parent Material: Till 
Date: November 1993 Drainage Class: Moderately well (D1) 
Horizon: 
Oa 
A 
Bwl 
Bw2 
BC 
Cd 
Depth (cm) 
4-0 
0-10 
10-32 
32-50 
50-60 
60-100+ 
5YR3/3 sapric matter; many fine, few medium, few 
coarse roots; abrupt smooth boundary. 
10YR3/2 fine sandy loam; massive structure; friable; few 
medium and few fine roots; abrupt wavy boundary. 
2.5Y5/6 fine sandy loam with few fine distinct 10YR5/8 
and few medium distinct 2.5Y6/4 mottles; massive 
structure; friable; <2% coarse fragments; few medium and 
few fine roots; gradual smooth boundary. 
2.5Y5/6 fine sandy loam with common fine and medium 
prominent 7.5YR5/8 and common prominent 7.5YR5/8 
pore linings; massive structure; friable; few 7.5YR5/8 
concretions; 10% 1-mm pores; clear smooth boundary. 
2.5Y4/4 fine sandy loam with many coarse, medium and 
fine distinct 5Y5/2, common fine and medium prominent 
2.5Y6/8, and few fine prominent 7.5YR5/8 mottles; 
massive structure; firm; 10% coarse fragments; 2.5YR4/8 
concentrations; 10% 1-mm pores; abrupt smooth 
boundary. 
2.5Y6/2 loamy sand with common fine prominent 
7.5YR5/8, common coarse distinct 10YR5/3, and common 
medium and coarse distinct 2.5Y6/8 mottles; moderate 
coarse platy structure; firm; 10% coarse fragments; 15% 
1-mm pores. 
175 
Site: Newland (N1) Taxonomic Subgroup: Typic Humaquept 
Location: Monson, MA Parent Material: Till 
Date: November 1993 Drainage Class: Poorly (B3a) 
Horizon: Depth (cm) 
Oa 10-0 7.5YR2/1 sapric organic material; many fine and few 
medium roots; abrupt smooth boundary. 
A 0-14 N2/ fine sandy loam; massive structure; friable; many fine 
and many medium roots; gradual smooth boundary. 
Cg 14-65+ 2.5Y4/2 loamy sand with few fine prominent 10YR5/8 and 
few fine faint 2.5Y5/2 mottles; massive structure; friable; 
many grussified coarse fragments. 
176 
Site: Newland (N2) 
Location: Monson, MA 
Date: November 1993 
Taxonomic Subgroup: Aerie Endoaquept 
Parent Material: Till 
Drainage Class: Somewhat poorly (C2a) 
Horizon: Depth (cm) 
Oa 3-0 7.5YR2/1 sapric organic matter; many fine and many 
medium roots; abrupt smooth boundary. 
A 0-11 10YR2/2 fine sandy loam; massive structure; friable; 
common fine and few medium roots; clear smooth 
boundary. 
Bwl 11-33 7.5YR4/4 loamy very fine sand with common medium 
distinct 10YR4/6, common medium distinct 10YR4/3, 
common medium distinct 10YR5/3, and common distinct 
7.5YR5/6 mottles; weak fine subangular blocky structure; 
friable; common fine and common medium roots; abrupt 
smooth boundary. 
Bw2 33-44 7.5YR3/3 loamy very fine sand with common fine distinct 
10YR4/3, common fine prominent 7.5YR5/8, common fine 
distinct 7.5YR5/6, and few medium 10YR4/4 mottles; 
weak fine subangular blocky structure; friable; common 
fine and common medium roots; abrupt smooth 
boundary. 
Bw3 44-85+ 7.5YR3/2 loamy sand with common medium prominent 
2.5YR2.5/4, common fine prominent 5YR5/8, common 
fine prominent 10R2.5/1, common fine prominent 2.5Y5/6, 
common fine prominent 10YR5/8, common fine distinct 
2.5Y4/3 mottles; moderate coarse subangular blocky 
structure; very firm; common medium prominent 10R3/6 
and common prominent 10R3/2 concretions. 
177 
Site: Newland (N3) Taxonomic Subgroup: Typic Dystrochrept 
Location: Monson, MA Parent Material: Till 
Date: November 1993 Drainage Class: Moderately well (D1) 
Horizon: Depth (cm) 
Oa 2-0 7.5YR3/3 sapric organic matter; many fine and few 
medium roots; abrupt smooth boundary. 
A 0-8 7.5YR3/2 fine sandy loam; weak fine subangular blocky 
structure; friable; common fine and few medium roots; 
clear smooth boundary. 
Bwl 8-24 10YR5/8 fine sandy loam with common medium distinct 
7.5YR4/6 mottles; moderate medium subangular blocky 
structure; friable; common fine and few medium roots; 
few fine prominent 10YR2/1 organs; clear smooth 
boundary. 
Bw2 24-41 10YR4/6 fine sandy loam with few medium distinct 
2.5Y5/4 mottles; moderate medium subangular blocky 
structure; friable; few fine and few medium roots; clear 
smooth boundary. 
Bw3 41-67 2.5Y4/6 fine sandy loam with common medium distinct 
2.5Y5/3 and common fine faint 10YR4/6 mottles; 
moderate medium subangular blocky structure; friable; 
few fine roots; 3% 1-mm pores; clear smooth boundary. 
Cl 67-100 2.5Y6/2 loamy fine sand with common medium distinct 
10YR4/6 mottles; massive; friable; common 10YR5/8 
grussified coarse fragments; abrupt smooth boundary. 
C2 100-143 2.5Y5/2 loamy fine sand; massive; friable; clear smooth 
boundary. 
Cd 143+ 
178 
Site: Skuropski (SI) 
Location: Monson, MA 
Date: November 1993 
Taxonomic Subgroup: Aerie Endoaquept 
Parent Material: Outwash 
Drainage Class: Poorly (B3c1) 
Horizon: Depth (cm) 
Oe 6-0 5YR3/3 hemic organic matter; many fine and few medium 
roots; abrupt smooth boundary. 
>
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2.5Y3/2 fine sandy loam; massive structure; friable; few 
fine and few medium roots; abrupt smooth boundary. 
Ap 9-16 2.5Y3/2 fine sandy loam with common fine prominent 
2.5Y4/8 mottles; massive structure; friable; few fine and 
few medium roots; abrupt smooth boundary. 
Bwl 16-29 2.5Y5/3 loamy sand with common medium distinct 5Y5/2 
and few fine prominent 7.5YR5/8 mottles; massive 
structure; friable; few fine roots; clear smooth boundary. 
Clg 29-60 5Y5/1 fine sand with common coarse prominent 10YR6/6, 
common medium prominent 10YR5/6, and common fine 
prominent 7.5YR5/6 mottles; massive structure; friable; 
clear smooth boundary. 
C2g 60-125+ 5Y5/1 fine sand. 
179 
Site: Skuropski (S2) Taxonomic Subgroup: Aerie Endoaquept 
Location: Monson, MA Parent Material: Outwash 
Date: November 1993 Drainage Class: Somewhat poorly (C2b) 
Horizon: Depth (cm) 
Oe 
Ap 
Bwl 
Bw2 
C 
6-0 
0-23 
23-32 
32-43 
43-145 
5YR3/3 hemic organic material; many fine and few 
medium roots; abrupt smooth boundary. 
2.5Y3/2 fine sandy loam; massive structure; friable; many 
fine and few medium roots; abrupt smooth boundary. 
2.5Y5/4 fine sandy loam with few medium distinct 5Y5/2 
and few fine distinct 10YR4/6 mottles; massive structure; 
friable; few medium roots; clear wavy boundary. 
5Y5/3 loamy sand with common medium and coarse 
distinct and common medium prominent 10YR6/6 mottles; 
massive structure; friable; few fine roots; common 1-mm 
pores; clear wavy boundary. 
5Y5/1 fine sand with common medium and coarse 
prominent 10YR5/6 mottles. 
180 
Site: Skuropski (S3) 
Location: Monson, MA 
Date: November 1993 
Taxonomic Subgroup: Aerie Endoaquept 
Parent Material: Outwash 
Drainage Class: Moderately well (D2) 
Horizon: 
Oe 
Ap 
Bwl 
Bw2 
Cl 
C2 
Depth (cm) 
5-0 5YR3/3 hemic organic material; many fine and few 
medium roots; abrupt smooth boundary. 
0-12 10YR3/3 fine sandy loam; massive structure; friable; 
common fine and common medium roots; abrupt smooth 
boundary. 
12-36 2.5Y5/4 loamy fine sand; massive structure; very friable; 
few fine and few medium roots; <2% coarse fragments; 
abrupt smooth boundary. 
36-46 2.5Y5/4 loamy sand; massive structure; friable; 3% 
coarse fragments; common fine prominent 5YR5/8 
channel ferrans and few fine prominent 2.5YR5/8 
concretions; abrupt wavy boundary. 
46-86 5Y5/2 sand with few fine and medium prominent 
7.5YR5/8 and few medium prominent 7.5YR4/6 mottles; 
single grain structure; loose; abrupt smooth boundary. 
86+ 2.5Y4/2 fine sand; single grain structure; loose. 
181 
Site: Kilgore (K1) 
Location: Monson, MA 
Date: November 1993 
Taxonomic Subgroup: Typic Humaquept 
Parent Material: Outwash 
Drainage Class: Poorly (B3a) 
Horizon: Depth (cm) 
Oe 20-14 5YR3/3 hemic organic matter; many fine and few medium 
roots; abrupt smooth boundary. 
Oa 14-0 7.5YR2/0 sapric organic matter; common fine and few 
medium roots; abrupt smooth boundary. 
A 0-10 2.5Y4/2 fine sandy loam; massive structure; friable; few 
fine roots; clear smooth boundary. 
Cg 10-40+ 5Y5/1 stratified sand and fine sand; single grain structure; 
nonsticky; nonplastic. 
182 
Site: Kilgore (K2) 
Location: Monson, MA 
Date: November 1993 
Taxonomic Subgroup: Aquic Dystrochrept 
Parent Material: Outwash 
Drainage Class: Somewhat poorly (C2a) 
Horizon: Depth (cm) 
Oa 
Ap 
Bwl 
Bw2 
C 
7-0 7.5YR3/3 sapric organic matter; many fine and few 
medium roots; abrupt smooth boundary. 
0-18 10YR2/1 fine sandy loam with few medium distinct 
2.5Y4/2 mottles; massive structure; friable; few fine and 
few medium roots; abrupt smooth boundary. 
18-47 10YR5/6 fine sandy loam with common fine and medium 
prominent 5YR5/8, common medium distinct 2.5Y5/4, 
common medium distinct 2.5Y5/3, common medium 
prominent 5Y6/2, and common fine distinct 7.5YR5/8 
mottles; massive structure; friable; few fine and few 
medium roots; common coarse distinct 10YR3/3 organs; 
clear smooth boundary. 
47-68 2.5Y5/3 sand with common fine and medium prominent 
7.5YR4/8, common coarse distinct 10YR5/4, and common 
medium distinct 5Y6/2 mottles; massive structure; friable; 
few fine roots; clear smooth boundary. 
68-98 5Y5/2 sand; single grain structure; loose. 
183 
Site: Kilgore (K3) 
Location: Monson, MA 
Date: November 1993 
Taxonomic Subgroup: Typic Dystrochrept 
Parent Material: Outwash 
Drainage Class: Moderately well (D2) 
Horizon: Depth (cm) 
Oe 4-0 5YR3/3 hemic organic matter; many fine and few medium 
roots; abrupt smooth boundary. 
A 0-5 N2/0 fine sandy loam; massive structure; friable; many 
fine and few medium roots; abrupt smooth boundary. 
Ap 5-29 2.5Y4/3 fine sandy loam; massive structure; friable; few 
fine and few medium roots; abrupt smooth boundary. 
Bwl 29-46 2.5Y5/4 loamy fine sand with common coarse distinct 
2.5Y5/4 mottles; massive structure; friable; few fine and 
few medium roots; clear smooth boundary. 
BC 46-62 5Y6/3 sand with common coarse distinct 2.5Y5/4 and few 
medium distinct 2.5Y5/6 mottles; massive structure; 
friable; clear smooth boundary. 
C 62-110+ 5Y6/2 sand; single grain structure; loose. 
184 
Site: Egan (El) 
Location: Monson, MA 
Date: November 1993 
Taxonomic Subgroup: Humic Endoaquept 
Parent Material: Stream terrace 
Drainage Class: Poorly (B3a) 
Horizon: Depth (cm) 
Oa 3-0 10YR2/1 sapric organic matter; many fine roots; abrupt 
smooth boundary. 
Ap 0-18 7.5YR3/2 fine sandy loam; massive structure; sticky; 
many fine and few medium roots; abrupt smooth 
boundary. 
Clg 18-48 5Y5/2 silt loam with many fine and medium prominent 
7.5YR5/8 and common fine and medium distinct N5/ 
mottles; weak medium subangular blocky structure; 
sticky; common fine roots; abrupt smooth boundary. 
C2g 48-60+ 5Y5/1 coarse silty loam with common fine and medium 
prominent 7.5YR5/8 and common fine and medium 
distinct N5/ mottles; massive structure; sticky. 
185 
Site: Egan (E2) 
Location: Monson, MA 
Date: November 1993 
Taxonomic Subgroup: Aquic Dystrochrept 
Parent Material: Stream terrace 
Drainage Class: Somewhat poorly (C2a) 
Horizon: Depth (cm) 
Ap 0-30 2.5Y3/2 fine sandy loam; weak fine crumb structure; 
friable; many fine and few medium roots; abrupt smooth 
boundary. 
Bw 30-55 5Y5/3 silt loam with many medium and coarse distinct 
10YR5/6 and common medium distinct 5Y5/2 mottles; 
weak medium subangular blocky structure; friable; few 
fine roots; clear smooth boundary. 
Cl 55-72 5Y5/2 silt loam with common fine prominent 10YR5/8 and 
common medium prominent 10YR5/4 mottles; massive 
structure; friable; clear smooth boundary. 
C2 72-82+ 5GY5/1 silt loam with few fine distinct 10YR5/6 mottles; 
massive structure; sticky. 
Site: Egan (E3) 
Location: Monson, MA 
Date: November 1993 
Taxonomic Subgroup: Aquic Dystrochrept 
Parent Material: Stream terrace 
Drainage Class: Moderately well (D1) 
Horizon: Depth (cm) 
Ap 0-27 10YR3/2 fine sandy loam; weak fine crumb structure; 
friable; many fine and few medium roots; abrupt smooth 
boundary. 
Bwl 27-44 2.5Y5/4 silt loam, massive structure; friable; few fine 
roots; abrupt smooth boundary. 
Bw2 44-75+ 2.5Y5/3 silt loam with common medium distinct 10YR5/6 
and common medium and coarse distinct 5Y5/2 mottles; 
massive structure; friable; few fine roots. 
186 
Site: Wesson (W1) 
Location: Monson, MA 
Date: November 1993 
Taxonomic Subgroup: Histic Humaquept 
Parent Material: Stream terrace 
Drainage Class: Very poorly (A2) 
Horizon: Depth (cm) 
Oi 14-9 
Oe 9-0 10YR2/2 hemic organic material; many fine and few 
medium roots; abrupt smooth boundary. 
Oa 0-20 N2/ sapric organic matter; many fine and few medium 
roots; abrupt smooth boundary. 
Bg 20-25 10YR4/1fine sand with common coarse distinct 2.5Y4/2, 
common fine faint 10YR5/1, and few fine prominent 
10YR5/8 mottles; massive structure; friable; few fine 
roots; common medium distinct N3/ organs; abrupt wavy 
boundary. 
Bw 25-48 5Y5/2 fine sand with many coarse distinct 2.5Y5/3 
mottles; massive structure; firm; few fine roots; common 
coarse distinct 2.5Y4/2 organs; abrupt smooth boundary. 
Bg2 48-80+ 5Y5/1 fine sand with common medium and coarse 
10YR5/8 mottles. 
187 
Site: Wesson (W2) 
Location: Monson, MA 
Date: November 1993 
Taxonomic Subgroup: Aerie Endoaquept 
Parent Material: Stream terrace 
Drainage Class: Somewhat poorly (C2b) 
Horizon: Depth (cm) 
Oe 3-0 10YR2/2 hemic organic matter; abrupt smooth boundary. 
Ap 0-22 10YR2/2 fine sandy loam; massive structure; friable; 
common fine roots; abrupt smooth boundary. 
Bw 22-38 2.5Y3/3 fine sandy loam with common medium and 
coarse prominent 10YR5/8 and few fine distinct 2.5Y4/2 
mottles; massive structure; friable; few fine roots; clear 
wavy boundary. 
Bgl 38-54 2.5Y4/2 loamy fine sand with common fine distinct 5Y6/3 
and few coarse prominent 7.5YR5/8 mottles; massive 
structure; friable; few fine roots; common medium and 
coarse distinct 10YR3/4 organs; abrupt smooth boundary 
Bg2 54-70 5Y5/2 fine sand with few coarse prominent 10YR5/8 and 
few coarse prominent 5Y5/8 mottles. 
Site: Wesson (W3) 
Location: Monson, MA 
Date: November 1993 
Taxonomic Subgroup: Typic Udorthent 
Parent Material: Stream terrace 
Drainage Class: Well (E) 
Horizon: Depth (cm) 
Ap 0-30 10YR3/2 fine sandy loam; massive structure; friable; 
many fine roots; abrupt smooth boundary. 
Bwl 30-52 10YR4/6 loamy fine sand; massive structure; friable; few 
fine roots; clear wavy boundary. 
Bw2 52-78+ 10YR5/6 loamy fine sand; massive structure; friable; few 
fine and few coarse roots. 
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Site: McGuire (Ml) 
Location: Monson, MA 
Date: November 1993 
Taxonomic Subgroup: Typic Endoaquept 
Parent Material: Outwash 
Drainage Class: Poorly (B3a) 
Horizon: Depth (cm) 
Oe 14-10 
Oa 10-0 N2/ sapric organic matter; many fine and common 
medium roots; abrupt smooth boundary. 
Bg 0-25 2.5Y3/2 loamy sand with common medium and coarse 
distinct 2.5Y5/2 and few fine prominent 10YR4/6 mottles 
massive structure; friable; common fine roots; clear 
smooth boundary. 
Cg 35-52 5Y5/1 loamy fine sand with few fine prominent 7.5YR5/8 
and few fine distinct 5Y6/2 mottles; massive structure; 
friable; few fine prominent 7.5YR5/8 concretions; clear 
smooth boundary. 
c 52-100+ 5GY6/1 fine sand with few fine 7.5YR5/8 mottles; 
massive structure; firm. 
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Site: McGuire (M2) 
Location: Monson, MA 
Date: November 1993 
Taxonomic Subgroup: Aerie Endoaquept 
Parent Material: Outwash 
Drainage Class: Somewhat poorly (C2b) 
Horizon: Depth (cm) 
Oe 3-0 7.5YR2/2 hemic organic matter; many fine roots; abrupt 
smooth boundary. 
A 0-11 10YR3/2 fine sandy loam; massive structure; friable; 
common fine and common medium roots; clear wavy 
boundary. 
Bwl 11-28 2.5Y4/4 sandy loam with few medium distinct 5Y5/3 and 
few fine prominent 7.5YR5/8 mottles; massive structure; 
friable; common fine roots; clear smooth boundary. 
Bw2 28-44 2.5Y5/3 sandy loam with common medium distinct 
2.5Y5/2 and common medium prominent 5YR5/8 mottles; 
massive structure; friable; clear smooth boundary. 
Cgl 44-69 5Y5/2 fine sand with common medium and coarse 
prominent 7.5YR5/8 and common medium and coarse 
prominent 7.5YR6/6 mottles; massive structure; firm; few 
fine prominent 7.5YR5/8 concentrations; clear smooth 
boundary. 
Cg2 69-97+ N6/ fine sand with common fine and medium prominent 
5YR5/8 and common medium and coarse 10YR5/6 
mottles; few fine prominent 5YR5/8 concentrations. 
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Site: McGuire (M3) 
Location: Monson, MA 
Date: November 1993 
Taxonomic Subgroup: Aquic Dystrochrept 
Parent Material: Outwash 
Drainage Class: Moderately well (D1) 
Horizon: Depth (cm) 
Oa 2-0 
Ap 0-24 10YR3/2 fine sandy loam; massive structure; friable; 
common fine roots; abrupt smooth boundary. 
Bwl 24-38 10YR4/6 sandy loam; massive structure; friable; few fine 
and few medium roots; abrupt smooth boundary. 
Bw2 38-55 2.5Y5/4 sandy loam; massive structure; friable; few fine 
roots; clear smooth boundary. 
Bw3 55-70 2.5Y5/4 loamy fine sand with common medium distinct 
2.5Y5/2 and few fine distinct 5Y5/2 mottles; massive 
structure; friable; abrupt smooth boundary. 
C 70-100+ 2.5Y5/3 fine sand with common fine distinct 10YR4/6 and 
common medium distinct 5Y5/2 mottles. 
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